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Che Water-Soluble Gums —Their Botany^ 
Sources and Utilization' 


Arabic, tragacanth, ghatti, karaya and other commer¬ 
cially valuable gums are exudations of a variety of 
trees and shrubs in many parts of the world. Their 
hydrophilic and other properties render them useful 
in the adhesives, beverage, cosmetic, paint, paper¬ 
making, pharmaceutical, textile and other industries, 

C. 1j. MANTELL 

Confiuliing Chemical Engineer, New Yoric 


Terminology 

The term ‘* water-soluble gums” em- 
maees a group of substances, all of which 
ire derived from plants, either directly 
)r indirectly, the property of which to 
[orm viscous adhesives, jellies or pastes 
by absorption of or dispersion in water 
iias earned a place for them in the arts 
iind industries. The term, however, is a 
misnomer, for the substances are not 
soluble in the strictly scientific sense, as 
are salt, sugar and other crystallizablc 
materials. Gums are ]iot crystalloids, 
but colloids, and as such are strictly 
amorphous and do not have melting 
point, freezing point or boiling point 
characteristics. The designation ‘‘ water- 
soluble” serves to distinguish true 
gums, in a technical sense, from the 
many other substances to which the term 
‘‘gum” is also commonly applied but 
which are not water-soluble and which 
differ from true gums also in other im¬ 
portant respects. These other substances 
are gum damar, gum copal, gum congo, 
gum kauri and Manila gum, all of which 

1 This article is abstracted, with permission 
of the copyright owners, from the book ‘^Tho 
Water-Soluble Gums^^, 279 pages, by the same 
author and published in 1947 by Rcinhold Pub¬ 
lishing Corp. That volume contains much chemi¬ 
cal and technological information concerning 
gums which has been omitted from this con¬ 
densed version of the book. 


are resinous, non-water-soluble exuda¬ 
tions from plants. In a somewhat re¬ 
lated manner the so-called gum-resins, 
which arc mixtures of hydrophilic and 
hydrophobic constituents, include gum 
benzoin, gambier, catachouc, gamboge, 
guaiac, kino, myrrh, storax and the 
balsams of Peru and Tolu. Addition of 
dragon^s blood completes this listing of 
commercially important gum-resins 
which, although designated “gums” in 
commerce, are not hydrophilic but are 
closely related to the resins. 

Physical Properties 

In addition to being colloidally soluble, 
or dispersible in water, gums are insolu¬ 
ble in drying oils and organic solvents. 
On heating they decompose completely 
without melting, usually showing char¬ 
ing. In contradistinction, natural resins 
are insoluble in water, but more or less 
soluble in organic solvents and vegetable 
oils. When heated, resins melt with dis¬ 
tillation of volatile oils as the tempera¬ 
ture is increased. They do not show a 
carbonizing point, nor do they produce 
coke when destructively distilled. Gums 
are totally unrelated to resins—physi¬ 
cally, chemically or application-wise. 

True gums are roughly divisible into 
three classes: a)truly soluble gums, typi¬ 
fied by gum arabic, which form trans- 


3 



4 


ECONOMIC BOTANY 


parent colloidal solutions in water; h) 
so-called insoluble gums, represented by 
tragacanth, which absorb the acpieous 
medium, swell into a jelly and finally, on 
addition of sufficient water, break down 
into a very thick transparent solution; 
c) half-soluble gums, represented by so- 
called ‘‘Persian insoluble gum’’, which 
are intermediate in their properties, 
dispersing in water to form a swollen 
jelly and then passing into solution on 
addition of more water. 

In addition to these differences in solu¬ 
bility, the various gums differ from one 
another in a number of otlier physical 
qualities, and these differences render 
them suitable for different industrial 
uses, as explained later. Each of the 
gums finds specific application in indus¬ 
trial usage wliere the others neither re¬ 
place nor supplement it; each has earned 
its place over thousands of years or in a 
short span of time after it reached a 
stage of commercial production. 

Chemical Properties 

(jiims, in general, are complex associa¬ 
tions of celluloses, starches, sugars, the 
reaction and oxidation products of these 
materials and the acids and salts of com¬ 
pounds eojisisting only of carbon, liydro- 
gen and oxygen. They are thus closely 
related chemically to the carbohydrates. 
In addition to the three mentioned ele¬ 
ments, they contain more or less iniiieral 
matter, chiefly calcium, magnesium and 
potassium. Nitrogen is in many cases 
a component but not always. In this re¬ 
spect gums differ from i)roteins, of which 
nitrogen is an essential component. 

On hydrolysis gums yield various pro¬ 
ducts which betray their chemical make¬ 
up, as shown in Table 1. 

Commercial Sources 

Commercial gums are obtained by 
tapping, or by collecting them from' the 
surface of, certain trees and shrubs; by 
extraction from marine plant life; by 
milling from some seeds and extraction 


from others; by thermal treatment of 
starches from kernels or root crops; by 
chemical processing of cellulose from 
tree trunks and the cotton i^lant; as well 
as by sej^aration of animal by-products 
and inirification procedures. 

The water-soluble gums enter com¬ 
merce from many i>ortions of the world, 
mostly from agricultural and non-in¬ 
dustrialized areas. In general, they 
originate in the following parts of the 
African continent: the Sudan (Sudan or 
Kordofan gum) ; the forest of the Blue 
Nile (talh or talha gum) ; the French 
Colony of Senegal (Senegal gum) ; North¬ 
ern Nigeria (gum arabic) ; Morocco 
(‘ ‘ Morocco ”, ‘ ‘ M ogadore ”, ” Brown 

Barbary” gum) ; Trii)oli (gum arabic) ; 
Tunisia (gum arabic) ; Tanganyika 
(gum arabic); Southwest Africa (aca¬ 
cia) ; Cape (volony, Orange River Col¬ 
ony, Somaliland and Abyssinia (Aden 
and East Indian gum) ; in ])ortions of 
Asia, as India and adjacent countries 
(ghatti and karaya gum) ; in Asia Minor, 
Kurdistan and Iran (tragacanth) ; in 
Australia (wattle gum) ; in South 
America where usage is mostly local; and 
to a small extent in Europe (cherry 
gum). 

The seaweed colloids—agar, Irish moss 
and the alginates—are derived from 
marine products gathered off the coast 
of Japan, the east and west coasts of 
the United States, the marine areas of 
the British Isles and Europe, and the 
shores of the Atlantic and Pacific Oceans. 

The processed carbohydrates, e.g., dex- 
trins and British gums, are derived from 
American starches such as corn and po¬ 
tato, as well as tapioca from the Nether¬ 
lands Indies. The hemicelluloses are 
from seeds of trees and other plants from 
Europe, Iran, the Argentine and the 
United States. Gelatin is ordinarily de¬ 
rived from animal sources in the United 
States. Synthetic competitors of the 
gums, such as the processed celluloses, 
are from native or Canadian wood pulp 
or American cotton linters. 
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Gum Arabic species, however, are commercially im- 

The dried gummy exudations from the portant. 
trunks and branches of many species of The term ‘^gum arabic’^ has become 
Acacia have been collected since Biblical generic, although it was originally a 
times and constitute the true gum arabic locality designation. As such it has been 
of commerce. The term has been applied superseded by other names indicating 
also in a very broad general sense to areas in which the exudations are col- 
almost any gum, regardless of its botani- lected. These are ‘‘Sudan gum’^ “Kor- 
cal source, which disperses in water to dofan gum’’, “Khartoum gum'', “Tur- 
form a mucilage. True arabic, however, key gum", “Senaar gum", “Oeddaref 


TABLE 1. 

Composition and Hydrolysis Produi^ts of Natural Gums 


0 urn 

Apparent Chemical Composition 

TTydrolysis Products 

Agar 

Sulfuric ester of a linear galactan 


Algin 

Polyuronic acid 

Cellulose, uronic acid, mannuronic 
acid 

Arabic 

Metal salt of a complex organic acid 

Mixture of arabinose, galactose, al- 
dobionic acid, galacturonic acid 

British gum 

Hex trill 

Modified carbohydrate 

Modified carbohydrate 


Flaxseed 

H te r 0 geiK'O u s p oly sa c ch a ri de 

Aldobionic acid, d-galacturonic acid, 
Z-rhamnose 

Ghatti 

Guar 

Calcium salt of xjoiysiu'charide acid 

Comph'x carbohydrate, galactose, 
mannose 

7-arabinose, barium salt of aldobi¬ 
onic acid 

Iceland moss 

Cellulose, simple sugars 

d-glucuronic acid 

Irish moss 

Calcium salt of sulfuric ester of sac¬ 
charide 

Ethereal sulfates (glucose) 

Karaya 

Galactan, gelose 


Locust bean 

Carbohydrate, mannose, galactose 

Caronbinose (mannose), galactose 

Methyl cellulose 

Synthetic cellulose ether 


Psyllium seed 

Mixture of j)olyuronides 

Arabinose, d-glucose, d-xylose, aldo¬ 
bionic acid 

Quince seed 

Cellulose, arabinose, xylose 

Arabinose, mixture of aldobionic 
acids, cellulose 

Tragacanth 

Calcium salt of complex organic 
nature 

Glucuronic, acid, arabinose 


is yielded only by species of Acacia, gum", “Jeddah gum" and others. 
Some 400 of them are widely distributed Although not so broadly used and often 
over very extensive areas of arid north- employed only locally, there are also 
ern Africa, from Dakar and Senegal on “Gedda gum", “Sennari gum", “Turic 
the west Coast across the continent to gum" and “Gehzirah gum". In gen- 
the Ked Sea; throughout Arabia; and in eral the different varieties of exudations 
portions of Iran, India and Australia, from acacia trees are collected in the 
They are found also in the semi-arid Sudan of Africa, Upper Egypt, Ethi- 
areas of the American Southwest, in opia, Somaliland and adjacent areas. 
Mexico and in Central America. Other The most important of them are grouped 
sections of the tropics throughout the under two general categories, namely, 
world also have their representatives of “Sudan" or “Kordofan", and “Sene- 
the genus. Only a few of these many gal". 
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Designations 

Gums are known by a great variety of names in different parts of the world. These desig¬ 
nations are tabulated in Table 2 wherein the local name or trade variant is in the first column, 
the geographical place of origin in the second column, the botanical source in the third, and the 
present day classification,-as used in this paper, in the last column. 


TABLE 2. 

Designationk and Sources (Geographical and Botanical) of Commercial Gums 


- __— 


Botanical 

Present Pay 

Name 

Place of Origin 

Source 

Classification 

A 

Abyssinia 

Abyssinia 

Acacia 

Arabic 

Acacia 

Africa, Near East 

A cacia 

Arabic 

Aden 

Africa 

Acacia 

Arabic 

Agar 

Continental and Japanese Sea 
Coasts 

Gclidiumy 

Gracilaria 

Agar 

Aleppo 

Near East 

Astragalus 

Tragacanth 

Algin 

British Isles, Europe, United 
States, Nova Scotia 

South America 

Laminaria^ 
Macrocyst is 

Alginate 

Angelique 

Dicorynia 

Karaya substitute 

Angico 

South America 

Piptadenia 

Arabic substitute 

Anogeissus 

India 

Anogeissus 

Ghatti 

Arabic 

Africa, Near East 

Acacia 

Arabic 

Arrehbor 

Iran (Persia) 

Astragalus 

Tragacanth 

Astragalus 

Iran, Asia Minor, Armenia, Kur¬ 
distan, Palestine, Irak, British 
India, Russia, Turkey 

Astragalus 

Tragacanth 

Australian black 

A ustralia 

Acacia 

Arabic 

Avattle gum 

B 

Babool 

India 

Acacia 

Arabic 

Balsam (resin) 

Canada, United States 

Abies 

Canadian balsam 

Barbary, bro^vn 

Sudan, Africa 

Acacia 

Arabic 

Bar Kaiiten 

Japan 

Gelidium 

Agar 

Basra 

Iran (Persia), Near East 

Astragalus 

Tragacanth 

Basso ra 

Tran (Persia) 

St ere alia 

Karaya 

Beira 

Argentina 

Caesalpinia 

Karaya substitute 

Berbera 

Senegal, Africa 

Acacia 

Arabic 

Blanche gomme 

Sudan, Africa 

Acacia • 

Arabic 

Blonde gomme 

Sudan, Africa 

A cacia 

Arabic 

Blonde i}syllium 

Mediterranean area 

Plant ago 

Psyllium 

seeds 

Brea 

Argentina 

Caesalphia . 

Karaya substitute 

Broadleaf kelp 

Europe, United States 

Laminaria 

Alginate 

Bushire 

Tran (Persia) 

A stragal us 

Tragacanth 

0 

Cactus 

United States, Mexico, Central and 
South America 

Opuntia, 

Carnegeia 

Tragacanth substitute 

Canada balsam 

Canada, United States 

Abies 

Canadian balsam 

(resin) 

Cape 

Union of South Africa 

Acacia 

Arabic 

Cannania 

Syria 

Prunus 

Ghatti substitute 

Carob 

South Europe, North Africa, Medi¬ 
terranean area 

Coralonia 

Locust bean 

Carol) seed 

South Europe, North Africa, Medi¬ 
terranean area 

Ceratonia 

Locust bean 

Carrageen 

British Isles, New England, 
Europe, Nova Scotia 

Chondrus 

Irish moss 

Carragheen 

British Isles, New England, 
Euroi)e, Nova Scotia 

Chondrus 

Irish moss 
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Name 

Place of Origin 

Botanical 

Source 

Present Bay 
Classification 

Carrageenin 

British Isles, New England, 

Chondrus 

Irish moss 

Europe, Nova Scotia 



Cashew 

India 

Anacardium 

Arabic substitute 

Catechu 

India 

Acacia 

Arabic 

(^edar 

Central America, West Indies 

Cedrela 

Cedar 

("edro 

Central America, West Indies 
Europe, United States 

Cedrcla 

Cedar 

Cherry 

Prunus 

Cherry 

Chinese isinglass 

Japan, China 

Gelidium 

Agar 

Chiron ji 
(^hitira 

India 

Buehanania 

Karaya 

Persia 

Astragalus 

Tragacanth 

Chittagong 

India 

Indefinite 

Indian 

(Uiondrus 

British Isles, North Europe, New 

Chondrus 

Irish moss 


England, Nova Scotia 



Ciitcli gum 

India 

Acacia 

Arabic 

Cydonium 

Near East, Asia, Europe, Soutli 

Cydonia 

Quince seed 

Africa, TTiiited States 



D 

Date gum 

Africa 

Phoenix 

Date 

Dhak 

India 

Indefinite 

Indian 

£ 

East India, gum 

India, (East Indies) 

Iran (Persia) 

Acacia 

Arabic 

East Indian gum 

Acacia 

Arabic 

Eleydiant 

India 

Indefinite 

Indian 

F 

Flea seed 

Mediterranean area 

Plantago 

Psyllium 

Flea wort 

Mediterranean area 

Plantago 

Psyllium 

G 

Gatto 

South Europe, Africa, Mediterra¬ 

Ceratonia 

liocust bean 


nean area 



G avail 

Iran (Persia) 

Astragalus 

Tragacanth 

Gedda 

Africa 

Acacia 

Arabic 

Geddaref 

Egy])t 

Acacia 

Arabic 

Gehzirah 

Africa 

Acacia 

Arabic 

Ghati 

India, Ceylon 

Anogeissus 

Ghatti 

Ghatti 

Tiidia, Ceylon 

A nogeissus 

Ghatti 

Coma de Cedro 

Central America, West Indies 

Cedrela 

(^edar gum 

Goma de Guana- 

Central America, West Indies 

Bnterolohium 

Arabic substitute 

caste 

Gomme hlanche 

Sudan, Africa 

Acacia 

Arabic 

Gomme blonde 

Sudan, Africa 

A cacia 

Arabic 

Gomme de Galam 

Senegal, Africa 

Acacia 

Arabic 

Gomme de Fodor 

Senegal, Africa 

A cacia 

Arabic 

Gomme de Tom- 

Senegal, Africa 

Acacia 

Arabic 

bo uctou 



Gomme du bas du 

Senegal, Africa 

Acacia 

Arabic 

fleuve 

(iomme du haut 

Senegal, Africa 

Acacia 

Arabic 

de fleuve 

Gomme fabrique 

Senegal, Africa 

Acacia 

Arabic 

Gomme friable 

Senegal, Africa 

Acacia 

Arabic 

Guamacho 

Soutli America 

Cactus 

Tragacanth substitute 

Guar 

India, United States 

Cyamopsis 

Guar 

H 

Halusia 

Iran (Persia) 

Astragalus 

Tragacanth 

ITasIiab geneina 

Egypt 

Acacia 

Arabic 

Hashab wady 

Africa 

Acacia 

Arabic 

He VO 

South Europe, Africa, Mediterra¬ 

Ceratonia 

Locust bean 


nean area 



Hindu tragacanth 

India 

Sterculia 

Karaya 

Horsetail kelp 

Europe, United States 

Laminaria 

Alginate 
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Name 


Place of Origin 


Botanical Present Bay 

Source Classification 


I 

Iceland moss 
India gnm 
Indian gum 
Indian tragacanth 
Irish moss 

Isabghol 

Isinglass 


Iceland, Sweden, Norway 
India 

India, Ceylon 
India 

British Isles, Europe, 
States, Nova Scotia 
Mediterranean area 
Continental sea coasts 


Cctraria 
Sterculia 
Anogcissus 
Sterculia 
United Chondrus 

Plantago 
Gelidium, 
Gracilaria 


J 


Jan da gum 

South Europe, 
nean area 

Africa, Mediterra- Ceratonia 

Japanese gelatin 

J apan 

Seaweed 

Japanese isinglass 

J apan 

Gelidium, 

Jeddah 


Gracilaria 


Morocco 

Acacia 

K 

Kadaya 

India 

Sterculia 

Kan ten 

Continental sea 

coasts Gelidium, 

Gracilaria 

Karai 

Iran (Persia) 

Asiragalus 

Karaya 

India 

Sterculia 

Katad 

Iran (Persia) 

A stragalus 

Kathira ‘ 

Iran (Persia) 

Astragalus 

Katilo 

India 

Sterculia 

Katira 

Iran (Persia) 

Astragalus 

Katira-i-hindi 

Tran (Persia) 

Sterculia 

Katya 

Tran (Persia) 

Astragalus 

Kjityra 

Iran (Persia) 

Astragalus 

Keltex 

United States 

Laminaria 

Kettira 

Tran (Persia) 

Astragalus 

Khartoum 

Africa 

Acacia 

Killeen 

British I sics, 

Europe, United Chondrus 


States, Nova Scotia 

Kino 

India 

Pterocarpus 

Kobe 

Japan 

Gelidium 

Kordofan 

Sudan, Africa 

' Acacia 

Kullo 

India 

Sterculia 

Kutecra 

Asia, Iran (Persia), India Sterculia 

Kutera 

Tran (Persia) 

Asiragalus 

L 

Lakoe 

Africa, South 
nean area 

Europe, Mediter- Ceratonia 

Locust bean 

South Europe, 
nean area 

Africa, Mediterra- Ceratonia 

Locust kernel 

South Europe, 
nean area 

Africa, Mediterra- Ceratonia 

Lu]}Ogum 

South Europe, 
nean area 

Africa, Mediterra- Ceratonia 

Luposol 

South Europe, 
nean area 

Africa, Mediterra- Ceratonia 

M 

Mahua 

India 

Bassia 

Mangrove 

North and South America Mhizophora 

^ ‘ Marrons et bois ’' 

Africa 

Acacia 

Mesquite 

United States, 
America 

Mexico, South Prosopis 

Mimosa 

West Indies, South America Mimosa 


Iceland moss 
Karaya 
Ghatti 
Karaya 
Irish moss 

Psyllium 

Agar 


Locust bean 

Agar 

Agar 

Arabic 


Karaya 

Agar 

Tragacanth 

Karaya 

Tragacanth 

Tragacanth 

Karaya 

Tragacanth 

Karaya 

Tragacanth 

Tragacanth 

Alginate 

Tragacanth 

Arabic 

Irish moss 

Indian gum 

Agar 

Arabic 

Karaya 

Kaniya 

Tragacanth 


Locust bean 
Locust be.an 
Locust kernel 
Locust bean 
Locust bean 


Indian gum 
Ghatti substitute 
Arabic 

Arabic substitute 
Tragacanth substitute 
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Name 

Place of Origin 

Botanical 

Source 

Present Bay 
Classification 

Mogador 

Africa 

Acacia 

Arabic 

Moringa 

India 

Moringa 

Karaya substitute 

Morocco 

Africa 

Acacia 

Arabic 

O 

Oiidurman 

Egypt 

A cacia 

Arabic 

P 

Peach 

United States 

Prunus 

Peach gum 

Pearl moss 

Europe, United States, Nova 

Scotia 

Chondrus 

Irish moss 

Persian tragacanth 

Iran (Persia) 

Astragalus 

Tragacanth 

Pharmagel 

United States 

Protein 

Gelatin 

Pigwrack 

Europe, United States, Nova 

Scotia 

Chondrus 

Irish moss 

Plantago 

Mediterranean area 

Plantago 

Psyllium 

Plum tree gum 

India 

Primus 

East Indian gum 

R 

Kith a 

East Indies 

Sapindiis 

Ghatti substitute 

Kocksalt moss 

Europe, United States, Nova 

Scotia 

Chondrus 

Irish moss 

Ruhigum 

South Europe, Africa, Mediterra- 

Ceratonia 

Locust bean 


iioan area 


S 


Seaweed isinglass 

Japan 

GeliMum 

Agar 

Saghalien 

Japan 

Geiidium 

Agar 

Sahibreida 

Senegal, Africa 

Acacia 

Arabic 

Semla 

India 

Sterculia 

Karaya 

Senaar 

Central America 

Acacia 

Arabic 

Senegal 

Africa 

A cacia 

Arabic 

Sennaar 

Africa 

Acacia 

Arabic 

Shinshu 

Ja])an 

Geiidium 

Agar 

Shiraz 

Tran (Persia) 

A nogeissus 

Ghatti 

Smyrna tragacanth 

Kurdistan, Iran (Persia), Irak 

A stragahis 

Tragacanth 

Siris 

India 

Alhizsia 

Arabic substitute 

Soap-7uit tree gum 

East Indies 

Sapindus 

Ghatti substitute 

Sonora 

United States, North and South 
America 

Prosopis 

Arabic substitute 

Sterculia 

India 

Sterculia 

Karaya 

St. John’s bread 

Africa, Mediterranean area, 

Europe 

Ceratonia 

Locust bean 

Suakim 

Africa 

Acacia 

Arabic 

Sudan 

Africa 

Acacia 

Arabic 

Suleiinanaya 

Iran (Persia), Irak 

Astragalus 

Tragacanth 

Somaliland 

Somaliland 

Acacia 

Arabic 

Sunt 

Arabia, Africa 

Acacia 

Arabic 

Swine’s bread 

South Europe, Africa, Mediterra¬ 
nean area 

Ceratonia 

T<.ocust bean 

Syrian 

Syria 

Astragalus 

Tragacanth 

Syrian tragacanth 

T 

Kurdistan, Tran (Persia), Irak 

Astragalus 

Tragacanth 

Talba 

Sudan, Africa 

Acacia 

Arabic 

Talca 

Sudan, Africa 

Acacia 

Arabic 

Talh 

A f rica 

Acacia 

Arabic 

Talha 

A f rica 

Acacia 

Arabic 

Tengusa 

Ja])an 

Geiidium 

Agar 

Terminalia 

India 

Indefinite 

Indian 

Thus gum (resin) 

United States 

Pinus 

Rosin 

Tragacanth 

Tran (Persia), Turkey, Russia, 
Irak, I’alestine, British India, 
Syria 

Astragalus 

Tragacanth 
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Name 

Tlace of Origin 

Botanical 

Source 

Present Day 
Classificalion 

Tragon 

Africa, Mediterranean area, South 
Europe 

Ceratonia 

Locust bean 

Tragasol 

Africa, Mediterranean area, South 
Europe 

Ceratonia 

Locust )jean 

Tripoli 

Africa 

Aoacia 

Arabic 

Tunis 

Africa 

Acacia 

Arabic 

Turic 

Africa 

Acacia 

Arabic 

Turkey gum 

Near East 

Acacia 

Aral )ic 

V 

Vegetable isinglass 

Japan 

Gelidium 

Agjir 

W 




Wattle 

India, Australia, Africa, New 

Acacia 

Arabic 


South Wales 



White gum 

Africa 

Acacia 

Arabic 

(gomme blanche) 
White leaf gum 

Kurdistan, Iran (Persia), Irak 

Asiragaluji 

Tragacanth 

Y 




Yokohama 

Japan 

Gelidium 

Agar 


Sudan or Kordofan Gum. ]n the 

An^lo-Egyptian Sudan and French 
Senegal areas of Africa alone there are 
about 25 species of Acaciay and of these, 
A. Senegal (L.) Willd., a tree of small 
size, is by far the most important. There 
are extensive forests of it in the region 
of Kordofan which is west of Khartoum 
in the Aiiglo-Egyptian Sudan, and it is 
abundant also between the White Nile 
and the Blue Nile. In the Sudan Area 
the tree is often called “hashab'^, which 
term the Egyptians and Arabs apply 
also to the gum. 

Commercial production of the gum in 
this semi-arid country is limited neces¬ 
sarily to tliose districts which are not too 
far from sources of water. The gum 
gatherers must carry all their provisions 
of food and water, and this limits their 
collecting to areas which are only a few 
days journey from depots for replenish¬ 
ment of these supplies. The gum is 
gathered only in the hottest, and driest 
season because in other seasons the trees 
are actively growing with sufBcient mois¬ 
ture and do not produce gum. The best 
yields result when an unusually hot dry 
season follows one of excessive rainfall. 

Gum collecting is not an all year voca¬ 


tion for the natives but rather a source 
of additional income when farming is at 
a standstill. Although the dry season 
normally begins in the latter part of 
September or in October, and the trees 
may be tapped any time after the first 
of November, gum gathering is post¬ 
poned until after the crops have been 
harvested. The gatherers, therefore, arc 
active only after January or February. 
The men leave their native villages, car¬ 
rying their food and water supply, with 
a spear for. defense against native ani¬ 
mals or as a hunting implement. Their 
only gum-gathering tool is a small hat¬ 
chet with a long handle, and a native 
woven basket to serve as a container of 
the collected gum. The collectors cut the 
trees in not too deep a fashion and then 
peel a strip of bark an inch or two in 
width and two to three feet long. Care 
is taken not to injure the inner bark. 
The stripping operation is not sufficient 
to harm the tree, and in time under fa¬ 
vorable conditions the wound heals. Jt 
appears that the gum is formed through 
a combination of evaporation of the sap 
and attack on the plant tissues by bac¬ 
teria. The gum exudes and forms in 
drops, or tears, which grow to large size 
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only after a season of heavy rains which 
induce the trees to become full of sap and 
to develop vigorous young growth. 
When first formed, the tears are soft, 
the outside being skin-like; but if they 
are allowed to remain in place for sev¬ 
eral weeks, the entire mass becomes firm 
and hard as a result of evaporation from 
the surface and diffusion of aqueous por¬ 
tions from within the tear to its outside. 


which are transparent or nearly so, with 
only a faint departure from white. 

The gum is spread in the sun in thin 
layers to bleach. The best area for this 
purpose, according to the natives, is the 
low sandy shore of the Nile. The drying 
out in the sun is at a faster rate than the 
moisture can diffuse from the inside of 
the tears, so that with expansion and 
contraction after drying, the tears are 



Fig. 2. Gum-urabic garden near Tairara, Kordofan, Sudan, Africa. {Courtetiy the Phila¬ 
delphia Commercial Miiaeum). 


The gum collectors return with their 
produce to the villages and sell or bar¬ 
ter their gatherings to local traders or 
'representatives of district gatherers. 
When sufficient stocks are .collected, the 
gum is transported by boat or caravan to 
wholesale markets, of which Khartoum 
is typical. Here the gum is graded on 
the basis of superficial appearance, and 
in the light of centuries of experience the 
best grade is reputed to be that of tears 


filled with innumerable minute cracks. 
These cause the gum to assume an opaque 
appearance and a greater degree of 
whiteness, characters that are typical of 
good commercial grades. It is unfor¬ 
tunate, however, that these features do 
not give any indication of the factors to 
be considered in the use of the gum, 
namely, color of solution, viscosity, 
clarity and freedom from insolubles. 
Chea])er grades are yellowish to red. 
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Gum arabic in the restricted j^eoy^raph- 
ical sense is the material exported chiefly 
to Pjurope from Arabia, most of the trade 
being handled in the port of Aden. Only 
a very small jDortion of the gum, how¬ 
ever, is collected in Arabia. For two or 
three thousand years natives have 
gathered the gum from wild trees in 
those parts of Africa adjacent or acces¬ 
sible to the southern end of the Red Sea. 
The more important traders who col¬ 
lected from the natives were along the 
Arabian coast, and the gum received its 
name from them, for it was these arabs 
who exported the material to Europe. 
There are indications that caravans car¬ 
ried the gum to North Egypt from Aden 
as early as the seventeenth century be¬ 
fore Christ. The bulk of the material in 
earlier times was collected, as it is to¬ 
day, in the Sudan, and has long been 
known as' ^ Sudan ” or “ Kordofan ’' gum. 

In additiofi to the wild tree scattered 
over great areas there are also privately 
owned cultivated gardens of A, Senegal 
in Kordof an Province. Here the trees 
are systematically tapped and the gum 
collected in an orderly manner by or¬ 
ganized groups. The gum thus produc^ed 
is known as ‘^hashab geneina^' and is 
considered the best grade; it is referred 
to also as **gum acacia’’ and is the grade 
preferred in the American market. The 
gum collected from wild forests is known 
as “hashab wady”, and because of the 
multiplicity of collectors whose work is 
necessarily uncoordinated, wady sum is 
generally of poorer grade and darker 
color. 

Gum Senegal is obtained from A. 
Senegal and other but poorly defined 
species in West Africa. The trees cover 
great arejis west and southwest of the 
Sahara and the French Sudan, extending 
through Senegal, Gambia, French Su¬ 
dan, Ivory Coast, northern Dahomey and’ 
Nigeria. It is known also as ‘‘Berbera 
gum”, ‘‘gomme de Galam”, ‘‘gomme de 
Podor”, ‘‘gomme de Tombouctou” and 
by a variety of other local names. 


A large portion of the material reach¬ 
ing the market is from the country north 
of the Senegal River, a region which is 
easiest for the natives to penetrate and 
which is close enough to the coasts and 
the routes of the traders. In the regioii 
of the greatest gum collections abundant 
rains occur from July to November. The 
rainfall is so heavy that large areas be¬ 
come temporary swamp land. During 
these periods the trees grow luxuriously 
and become filled with sap with abundant 
new growth. The rainy season ends 
abruptly, being followed by a period of 
hot, dry, scorching, high velocity east 
winds. The rapid change in weather 
cracks the outer bark into many open 
fissures which become foci of infection 
for gum formation, and within a few 
weeks after the onset of the dry season 
there is a considerable accumulation of 
exudation. 

The French system of sorting gum 
Senegal includes a considerable variety 
of grades. In general, the gum is yel¬ 
lower or redder than the relatively jiale 
gum from the eastern Sudan. It is re¬ 
puted to be not so clean as the Kordofan 
grades and is less favored by American 
importers and their customers. Further¬ 
more, unless they are first subjected to 
mechanical and chemical processing, the 
Senegal grades are thought not to be 
so adhesive as those from Kordofan. 
They do, however, form solutions of 
greater viscosity and find a large Euro¬ 
pean market. 

Other Kinds of Gum Arabic. There 
appears to be general agreement that 
small amounts of gum are gathered in 
the Sudan and adjacent territories from 
A. araiica (Lam.) Willd. It is probable 
that gum from this tree, particularly 
that gathered from the forest areas, is 
unconsciously mixed with the gum from 
other species of Acacia, When not so 
mixed but gathered by itself it is often 
sold under the name ‘ ^ sunt ’ ’. It is stated 
to be inferior to Sudan gum, being con¬ 
siderably weaker and more brittle, and 
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reaches the market as broken white or 
pale yellowish fragments. In the Amer- 
i(ian market sunt does not appear to be 
important except as it occurs in ad¬ 
mixtures. 

Several species, and probably vari¬ 
eties, of Acacia furnish a form of gum 
arabic known as “suakim gum’\ It is 
from the regions adjacent to the western 
shores of the Red Sea, although some of 
the material may be brought by caravans 
from distant points. As a result of its 
relatively unsupervised collection it is 
ordinarily of inferior quality, although 
the quantities are important. 

A. Seyal Del., widely distributed in 
the Sudan, is the source of a gum known 
as ^‘talh’\ ^‘talca’^ and ^Halba’’. It oc¬ 
curs in two forms, red and white. 

Some gum is gathered from several 
species of Acacia in North Africa, but 
it is ])robable that considerable of the 
material that reaches there has been 
brought by caravans from south of the 
desert. It is known that some of these 
gums are gathered, not by organized 
caravans but by what might be termed 
‘‘tram})’’ traders who transport gums 
as portions of miscellaneous cargoes. Ac¬ 
cording to their points of entrance into 
commerce they are variously known as 
‘‘Barbary gum’^ “Morocco gum^’ and 
“Mogador gum’’. 

All these secondary gums and those of 
Sudan and Senegal arc alike chemically 
and are regarded as gum arabics of dif¬ 
ferent purities, varying also in degree 
of color, adhesiveness and viscosity. 

Other Gums from Acacia 

Several kinds of Acacia in India, prob¬ 
ably both native and introduced species, 
also yield gums of economic value, 
though not at all so important indus¬ 
trially as gum arabic. They are included 
in that general term East Indian gum” 
and must be distinguished from resins 
of India which are designated as “Pale 
East India”, “hiroc” or “rasak”. 


There appears to be random collection 
and transportation of these materials, 
and a large percentage comes to Bombay 
from Red Sea ports on the African coast. 
Some of it, however, is collected in vari¬ 
ous parts of India and finds its way to 
the trading and exporting centers. A 
particularly specific Indian gum is that 
designated as “babool”, but in general 
the East Indian gums, because of their 
random collection and sorting, arc of 
inferior quality and are often mixed 
with more important gums such as 
ghatti. A. Catechu (L.) Willd., which 
yields catechu extract, or cutch, an im¬ 
portant brown dye, also produces a yel- 
low-to-dark amber gum that is much 
used in India in textile applications as 
a substitute for gum arabic. Some of 
it reaches the (*ommercial markets, but 
largely as an admixture in East Indian 
gum. 

In Australia various native species 
of Acacia su])p]y so-called wattle gum, 
production of which is secondary to 
utilization of the trees for wattle bark 
employed by tanners in the conversion 
of hides into leather. The gum is dark 
reddish and otherwise distinct from gum 
arabic iiT having a strongly astringent 
taste and an analyzable quantity of 
tannin derived from the bark. 

Cape gum, gathered from acacia trees 
in Cape Colony, Union of South Africa, 
is somewhat similar to Australian wattle 
gum, and at times in the past has entered 
commerce in appreciable quantities. 

In the western hemisphere samples of 
acacia gum from the southwestern 
United States or Mexico periodically ap- 
I)ear on the market, and other samples 
occasionally are collected in Central and 
South America, particularly from A. 
Farnesiana Willd. 

Gum Tragacanth 

Gum tragacanth is perhaps the second^ 
most important commercial water-soluble 
gum, being surpassed only by gum ara- 
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bic and rivaled only by gum karaya. It 
is furnished by several species of Aaira- 
galuSy thorny leguminous shrubs native 
to semi-desert regions of western Asia 
and southeastern Europe, but princi¬ 
pally by A. gummifer Jjab. which grows 
wild in the moimtainous districts of 
Kurdistan, Iran, Iraq, Syria, Asia Minor, 
Armenia, Greece and Russia. In Iran 
the natives refer to the plants as ‘‘ga- 
van’\ and to the gum as ‘"katira’’, 
“katyra^^, ^Mmthira”, '‘katad’’, ket- 
tira’’, ‘Gvutera’^ ‘^‘.hitera’’ and ‘Gialu- 
sia’’. These names are used also in 
Afglianistan and India, and in the latter 
other gums are sometimes sold as ^M<at- 
ira’^, ^Gmrai’’ and ‘Gmtira-i-hiiidior 
‘^Ilindu tragacanth”. It appears that 
the gum is not a true secretion of the 
shrubs that produce it, but is the result 
of transformation of pith and medullary 
ray cells into a mucilaginous substance 
that exudes naturally or after the bark 
has been punctured or excised. It swells 
in cold water, forming a thick and ordin¬ 
arily transparent jelly, and is less brittle, 
less glassy and duller in luster than ara¬ 
ble. 

AYhile the gum exudes spontaneously 
to the surface of the bark, it is obtained 
in commercial quantities by making 
punctures or transverse incismns in the 
main stems and older branches of the 
shrubs. Wedge-shaped pieces of wood 
are frequently forced into the incisions 
in order to enlarge the wounds so that 
the gum will flow more freely, and are 
left in the cuts a day or two before being 
removed. The gum swells by absorbing 
water, and the resultant pressure set 
up within the stem, rather than any bio¬ 
logical force, causes the gum to exude. 
It is allowed to dry on the bark a few 
days before being collected and shipped 
to market. Collection is in May and 
June in the warmer districts; later in 
cooler areas where the best grades are 
obtained. Sometimes the plants are 
part 13 ^ burned to stimulate excretion, but 


the product is inferior and the practice 
not general. 

After collection and shipment to vari¬ 
ous markets, the miscellaneous pieces of 
gum are sorted into the following three 
general classes within which are the vai*- 
ious commercial grades—common tra- 
gacanth, or ‘‘tragacanth in sorts’’: 
rounded or irregularly shaped tears or 
globules, representing gum that has ex¬ 
uded through naturally j)roduced rup¬ 
tures ill the bark; vermicelli, or vermi¬ 
form tragacanth: elongated, narrow, 
twisted strings or ('oils originating from 
stems which have been cut entirely 
across or from gum forced through 
rounded holes; flake tragacanth, also 
called ^ ^ Persian “ Soudan ’ ’ and ‘ ‘ I jeaf ’ ’ 
gum*, ribbon-like nearly" coloidess pieces 
exuding from slits made in the main 
stem near the j*oot after clearing away 
the soil to a de])th of about two inches; 
this is considered the highest grade on 
the market. Powder and a(|ueous solu¬ 
tions are also offered to the trade, the 
latter for certain specialized uses and 
generall}’' treated to endow it with de¬ 
sired specific ])roperties. 

‘‘Persian” tragacanth usuall.y em¬ 
braces the better grades from a number 
of ai’cas. “Bagdad” and “Syrian” re¬ 
fer ('hiefly to gum which jiasses through 
Bagdaci shipi^ed through Basra. 

“Bushire”, or “Persian”, consists 
mainly of the gum from the Proviiu'c of 
Ears in Iran and is shij)})ed from Bush- 
ire. Turkish* gum comes chiefly from 
Istanbul, other small lots occasionally 
are shipped from Bombay and Aleppo, 
and in Smyrna there is an important 
wholesale market where the gum is 
sorted before being sent to European 
distributing centers in Trieste, Bor¬ 
deaux, London and Hamburg. 

The annual United States consump¬ 
tion of gum tragacanth from 1929 to 
1940 averaged about million pounds, 
being imported chiefly from Iran and 
Turkey, with imports also from Russia, 
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Iraq, British India, Syria and Palestine. 
Prior to World War I Turkey was the 
most important source, but for many 
years since then Iran has supplied the 
j^reatest amounts, and its products are 
superior. 

Tragacanth is one of the oldest drugs 
in Materia Medica, and its commercial 
use dates far back. It was known in the 
days of Theophrastus who described it 
three centuries before the Christian era. 
It has been official in every edition of 
the U. 8. Pharmacopoeia since 1820, 
being used medicinally as a demulcent 
and pharmaceutically as an adhesive 
agent for pills and troches and for the 
suspension of insoluble powders. Other 
industrial uses are discussed later. 

Indian Gums 

(jlunis of various natures and obtained 
from different genera of plants are col¬ 
lected in j)arts of India. They consti¬ 
tute an imj)ortant portion of the world’s 
total production of gums and a large 
liart of the American eonsuni])tion. In 
most cases they are tlic exudations of 
large trees, whereas the gums of the 
arabic and tragacanth groups are col¬ 
lected from small thorny trees which in 
some cases are bush-like. Only a few of 
the Indian gums have reached the stage 
of continuous commercial collection, 
grading and organized trading on a rec¬ 
ognized quality basis. Of them the first 
two next described are the most impor¬ 
tant. The others have only local uses, 
for the most part. 

Gum Ghatti. This one, known also as 
‘‘Indian gum” and “Ghati gum”, is 
obtained from the trunk of Anogeissus 
latifolia Wall., a large tree, widely dis¬ 
tributed in India and Ceylon, the leaves 
of which are rich in tannin and used 
for tanning in Bombay. Uses of the gum 
arc similar to those of arabic, for which 
it is employed in India and certain other 
parts of the British Empire as a substi¬ 
tute in official pharmaceutical prepara¬ 
tions. 


Ghatti gum should not be confused 
with either Bassora or gum Sterculia, 
next described, each of which is some¬ 
times referred to as “Indian gum”. 

Gum Karaya. Gum Karaya has be¬ 
come an important raw material in the 
textile, cosmetic, food and other indus¬ 
tries, resembling gum tragacanth in 
that it swells in cold water to form an 
opaque gel. It has been used in the 
United States since the latter part of 
the 19th century, but large scale use here 
dates from World War I when the price 
of tragacanth was high. Some of the 
gum sold as tragacanth, even before 
World War 1, has undoubtedly really 
been karaya. Tm])orts into the United 
States are far in excess of those of 
tragacanth, usually more than double; in 
19119 they were in excess of 7,600,000 
pounds with a declared value of $575,000 
at the ports of export. In this country 
the gum is known also as “gum kadaya”, 
“Indian tragacanth”, “Sterculia gum” 
and “India gum”, but is not to be con¬ 
fused with “Indian gum” which is one 
of the names of gum ghatti. In India it 
is called “karaya”, “kadaya”, “katilo” 
and “kullo”. 

Gum karaya is a product of Sterculia 
sirens Roxb., a tree native to India and 
found chiefly in Gujerat, in the central 
provinces and to some extent in the 
Central Indian Agency. Attaining a 
height of 30 feet, the trees grow in forests 
which for the most part are government 
owned but some of which are on private 
estates. The gum is obtainable through¬ 
out the year except in the rainy season, 
and the best quality is collected during 
the hot s])ell from March through the 
middle of June. Usually flve or six in¬ 
cisions about two feet long and deep 
enough to reach the heartwood are made 
in the tree trunks by natives. The gum 
oozes into the incisions and accumulates 
in large irregular knobs which are col¬ 
lected about every three days. New ac¬ 
cumulations then form in the same in¬ 
cisions, but if the gum is not collected, 
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the wounds heal and fresh incisions 
must be made elsewhere in the trees. 
Trees generally yield gum for eight or 
nine months, then cease for two or three 
years, after which they may again be 
tapped. The gum is collected by natives 
usually when there is scarcity of other 
work. It is taken to the villages where 
the merchants sell it to dealers in Bom- 


ing by an air blast. Colors vary from 
white to gray and often are reddish. 

Other Indian Gums. Many other 
trees of India also produce gums which 
are collected, and when gathered in suf¬ 
ficient amounts they reach the export 
market. If the amounts are great 
enough, the individual gums may be 
sold under their own names; if the 



Fig. 4. Preliminary sorting of karaya gum. Bombay, India. . (Coiirteay the Philadelphia 
Commercial Museum). 


bay, and there sorting and grading are 
carried out, usually by women. Large 
lumps are broken with stones and sorted 
according to color and freedom from 
bark and other impurities. The best are 
white; the poorest dark brown to black. 

Although the gum generally enters the 
United States as tears, nearly all that 
is sold to consumers is powdered, much 
of the bark being removed after powder- 


quantities are insufficient for such dis¬ 
posal, the gums from different kinds of 
trees may be lumped together to give 
irregular shipments of non-reproducible 
quality. The chemistry of these less 
important gums is little understood, and 
at times their botany and the identity 
of their sources is the subject of dispute. 
They are referred to by that broad term, 
“Indian’^ or “East Indian Gum^’, that 
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encompasses so many exudation prod¬ 
ucts of Oriental trees. More specifi¬ 
cally and in brief they are as follows: 

Butea frondosa Roxb. Dhak or palas 
tree. Furnishes a red gum known as 
“BengaF^ or “Palas kino^^, or “Butea 
gum’\ 

Chickrassia tahularis A. Juss. Chit¬ 
tagong tree. Reddish to amber gum. 


Terminalia spp. Several species fur¬ 
nish yellowish to reddish gums. 

Acacia spp. These have been men¬ 
tioned in connection with gum arabic. 

Anacardium occidentale L. Cashew. 
Native to tropical America but culti¬ 
vated in India and yielding a reddish 
gum. 

Pterocarpus Marsupium Roxb. Pro- 



Fig. 5. Selecting and sorting karaya gum. Bombay, India. {Courtesy the Philadelphia 
Commercial Museum). 


Feronia elephantum Corr. Wood ap¬ 
ple tree. Yellow to reddish gum. 

Melia Azedarach L. China tree, China- 
berry tree, Pride of India. Gives an 
amber-colored gum. 

Moringa pterygosperma Gaert. Horse¬ 
radish tree. Ben. Furnishes moringa 
gum. 


vides red kino gum. Commonly, how¬ 
ever, “gum kino” is another name for 
dragon’s blood which is a resinous sub¬ 
stance obtained from the fruit of the 
climbing rattan palm Daemonorops 
Draco (Willd.) Bl. of eastern Asia and 
from the stem of Dracaena cinnabari 
Balf. of western Asia. Dragon’s blood 
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is not a ^um but a gnin-resin, and its heated with water after extraction, serv- 
commercial value for various purposes ing, therefore, as thickeners in the same 
depends on its insolubility in water and manner as gums do. 
its solubility in organic solvents. Vegetable ivory, or tagua, the hard 

Sapindus trifoliatus L. Yields soap- seed of the Ecuadoran palm PhyteLephas 
nut tree gum, locally known as “ritha”. mdcrocarpa Ruiz & Pav., which is exteu- 
CocMospernmm Gossypium DC. Pro- sively used in making buttons, umbrella 
vides a very unimportant gum. handles and other articles, owes its prop- 



Fic. 6. Weighing and bagging karaya gum. Bombay, India. {^Courtesy the Philadelphia 
Com mercial Museum ). 


Hemicelluloses erties largely to the hemicelluloses of 

llemicell 111 OSes are organic compounds which it consists. Other hemicelluloses 

consisting of hydrogen, oxygen and car- are gum-like and have commercial ap- 
bon which are chemically related to, but plications similar to those of the true 
somewhat different from, cellulose and gums. Since these uses are fairly spe- 
other carbohydrates, occupying an in- cific, the hemicelluloses are industrially 
termediate position among them. They complementary to, rather than competi- 
are contained in the seeds and fruits of tive with, the true gums, but their prop- 
many plants, and swell enormously when erties are such that they may fittingly 
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be elassed with them in any general dis¬ 
cussion. The only ones which have com¬ 
mercial uses are the following. 

Locust Bean Gum. This gum is ob¬ 
tained from the seeds of the carob, or 
locust bean tree, of Mediterranean 
countries, and its extraction involves the 
following successive stages: gathering 
the pods and spreading tliem out in the 
sun to dry; removing the ten or twelve 
' red seeds in each pod by hand or machin¬ 
ery and packing them for shipment; 
removal of the outside skin and embryo 
by passage between rollers which turn in 
opposite directions, sometimes preccided 
by treatment with dilute emustic soda 
and subsequent washing; roasting; boil¬ 
ing in water; filtering and evaporating 
the cooled cooked liquor whicli contains 
the dispersed gum; pulverizing and 
packaging the dry brittle gum obtained 
by these operations. The degree of puri¬ 
fication varies widely in the different lots 
shipped to the United States, since they 
are prepared in several countries and in 
a variety of manufacturing plants. The 
purer grades, referred to as “locust 
kernel gum”, contain less starch and 
other impurities. Solutions of the gum, 
of about 4% concentration, and con¬ 
taining a preservative, such as formalde¬ 
hyde or phenol, are also marketed. 

The gum is imported into the United 
States from Great Britain and France, 
as well as from other parts of the Medi¬ 
terranean region. Before 1926 only 
small amounts were used here, but in 
1939 imports of the gum reached an all 
time high of more than 4,000,000 pounds; 
the average annual consumption from 
1929 through 1938 was somewhat in ex¬ 
cess of 2,000,000 pounds. American im¬ 
ports of beans and pods, amounting to 
1,500,000 pounds in 1939, are primarily 
for tobacco curing, not for extraction of 
the gum, since transportation costs for 
that purpose would be prohibitive, in¬ 
asmuch as 1,000 pounds of beans yield 


only 100 pounds of seed from which only 
35 pounds of gum is obtainable. 

Locust bean gum is known also as 
“carob gum”, “carob seed gum”, “St. 
eJohn’s bread”, “swine’s bread”, “gum 
hevo”, “gum gatto”, “jandagum”, 
“lakoe gum”, “lupogum”, luposol”, 
“rubigum”, “tragon” and tragasol”. 
The evergreen leguminous tree that fur¬ 
nishes it, the carob {Ceraton'ia Siliqua 
L.), is a native of Syria and has been 
cultivated in many Mediterranean coun¬ 
tries from antiejuity for its large pods 
whi(di are used soim^what as human food 
but principally as a very important farm 
crop for forage. Theophrastus, in the 
fourth century B.C., in his history of 
])lants, mentions it as being cultivated at 
Rhodes, and Dioscorides, in the first 
century A.D., praises the fruit in his 
Materia Mcdica as a laxative and diu¬ 
retic. The pods are rich in protein and 
sugar, and form an important forage 
crop, readily eaten by stock and by the 
poor in times of scarcity. The molasses 
and sirup made from them are used for 
flavoring tobacco before it is cured, and 
rermented to make a wine or a hard 
liquor. 

Guar, Several years ago, as the result 
of investigations at the Institute of Paper 
Chemistry, Appleton, Wisconsin, sup¬ 
plies of locust bean gum were required 
for the purpose of confirming on a com¬ 
mercial scale a number of observations in 
the laboratory. Studies with paper had 
revealed that the gum is a valuable 
X)aper-maker’s adjunct in obtaining 
temporary wet strength in sheets, such 
as paper toweling, and that this gum 
facilitates hydration during the beating 
of various pulps. A study of the matter 
revealed an inadequacy in the supply of 
locust gum, and an attempt was accord¬ 
ingly made to locate other sources of 
mannogalactans (locust gum consists pri¬ 
marily of mannose and galactose). The 
services of the Soil Conservation Com- 
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mission of the U. S. Department of 
Agriculture were enlisted, and, as a re¬ 
sult, numerous seeds were investigated 
for their potentialities. The most sat¬ 
isfactory of them were those of guar 
(Cyamopsis tetragonolohm Taub.), an 
annual drought-resistant legume, three 
to six feet tall, which has been cultivated 
in certain sections of India for centuries 
as fodder for cattle and horses. It was 
brought into the United States before 
World War I and has been studied on 
a limited scale, primarily as a green 
manure. 

Guar gum i*esembles locust bean gum 
in being composed essentially of the com¬ 
plex carbohydrate polymer of galactose 
and mannose, but with diflPerent propor¬ 
tions of these two sugars. The practical 
value of this difference in the ratio of the 
two components is still the subject of 
study. Investigations carried out by the 
Institute 6f Paper Chemistry and nu¬ 
merous paper manufacturers have shown 
that guar flour is of value as a beater ad¬ 
ditive for improving the strength of 
certain grades of paper. It has been said 
that guar possesses properties which 
might be useful in warp sizing, printing 
pastes, and in certain finishing opera¬ 
tions. The colloidal properties it pos¬ 
sesses enable it to serve as a stabilizer or 
thickener in food products, such as ice 
cream and salad dressing. 

In order to obtain the gum it is neces¬ 
sary to separate the gum-containing en¬ 
dosperm of the seed from the outer and 
largely fibrous portions. Milling meth¬ 
ods have been developed for this purpose, 
and various grades of the gum can be 
isolated, ranghig from products of high 
purity, to meet special requirements, to 
those of lower quality, designed for uses 
v.'here high ])urity is not needed but 
where low cost of manufacture is im¬ 
portant. 

Flaxseed. The flax plant (Limim 
nsitatissim um L.), extensively cultivated 
in many parts of the world for its fiber 


which is manufactured into linen, and 
for the linseed oil extracted from its 
seed for the paint and other industries, 
is also the source of a gum obtained in 
small quantities from the seed. This 
hemicellulose gum is of commercial value 
in the cosmetic and pharmaceutical in¬ 
dustries because it acts as a demulcent 
and emollient. 

Psyllium. Psyllium seed, which is ex¬ 
tensively used as a mild laxative, is the 
source also of a mucilaginous gum that 
is readily extracted with boiling water. 
The gum serves in some instances as a 
substitute for gum arabic and traga- 
canth, and is utilized in the sizing of silk, 
printing of fabrics and manufacture of 
paper. It is obtained from at least 
three species of Flaniago, namely, F. Psyl¬ 
lium L., F. arenaria Wald. & Kit. and P. 
ovata Forsk., the first mentioned being 
the most important. The first two are 
cultivated in France and Spain, the third 
in India, and in 1935 more than two mil¬ 
lion pounds of the seed were imported 
into the United States to be used princi¬ 
pally as a drug. 

Quince. Quince gum, also obtainable 
by boiling the seeds, has found value in 
the cosmetic industry as a demulcent in 
hand lotions, hair waving and cleansing 
lotions, and in medicinal preparations. 
The pripeipal source is the quince (Cy- 
donia ohlonga Mill.) crop of Iran, smaller 
amounts coming from Iraq, Portugal 
and the Union of South Africa. Total 
imports of the seeds dropped from less 
than 222,000 pounds in 1941 to a little 
more than 154,000 pounds in 1942. In 
1939, 63,869 bushels of the seeds were 
accumulated from the crop in the United 
States, principally in New York, Michi¬ 
gan, Pennsylvania and Maryland. 

Iceland Moss. This lichen {Cetraria 
islandica L.), the economic value of 
which has been discussed along with that 
of other lichens in Volume 2 of ECO¬ 
NOMIC BOTANY, yields a hemicel- 
lulosic gum on boiling that has value in 
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cosmetia preparations and in the sizing 
of textiles, similar to that of Irish moss 
and the seeds of quince and psyllium. 
The whole lichens are pulverized by 
I)eoples of far northern latitudes and are 
incorporated into breads, gruels and other 
preparations. Considerable quantities 
have been used in the manufacture of sea 
biscuits which are said to be less liable 
to attacks by weevils than are other 
biscuits made only of wheat flour. 

Miscellaneous Gums 

Many cultivated trees, valued primar¬ 
ily beeaTise of their edible fruits, yield 
gums which show swelling properties and 
form jellies more or less transparent and 
uniform. In Europe, for instance, cherry 
gum is collected from Prunus avmm Ij. 
and F. Ccrasus L., the common cherry 
trees on the Continent, and at various 
times in the United States marketable 
quantities of the gum are offered as the 
result of off-season collecting by farmers 
and marketing organizations seeking 
profits from by-products of their fruit 
business. Supplies are not constant, but 
the gum finds appli (nation in pharma¬ 
ceuticals. The cultivated peach, too, 
widely grown in the States from New 
York to Ceorgia, yields a hard reddish 
hydrophilic gum where the branches 
are bruised, or injured by boring insects. 
The same is true of plum trees. Gums 
collected from various fruit trees as well 
as the almond enter into the assortments 
of miscellaneous Indian gums and often 
constitute a mild form of adulteration 
of arabic ghatti and tragacanth. Syrian 
gum, sometimes designated as ‘‘car- 
menia’^ and not to be confused with the 
name ^‘Syrian’' as applied to flake traga¬ 
canth, is reputed to be the exuded 
masses from almond {Prjinits Amygdalus 
Batsch.) and plum (Prunus spp.). It is 
often used locally in confectionery. 

Other gums of minor commercial im¬ 
portance or used only locally, in their 
regions of usually crude collecting, for 


adhesives, as a size and cloth stiffener, 
in cosmetics and in pharmaceuticals are: 
angelique gum from Dicorynia paraensis 
Bentham, a large tree of northern South 
America; brea, or beira, gum from 
Caesalpinia praecox Kuiz & Pav., a small 
tree of northern Argentina; cactus gum 
from various species of Opuntia and Car- 
negeia in semi-arid districts of Mexico 
and the American Southwest; goma de 
cedro, cedro gum or cedar gum from the 
fragrant Cedrela odorata L. of the West 
Indies, the wood of which is used for 
cigar boxes; goma de guanacaste from the 
West Indian trees Enterolohium cyclo- 
carpum Gris, and E. cllipticuni; mes- 
quite gum from various species of Pro- 
sopis in the American Southwest; man¬ 
grove gum from Rliizophora Mangle L., 
widespread in the tropics and semi- 
tropies; mimosa gum from several species 
of Mimosa; and a gum from the tree Sym- 
phonia glohulifera of the West Indies 
and northern South America. 

Seaweed Gums 

The masses of seaweed that flourish to 
a dei)th of five fathoms in the coastal 
ocean waters of the world are raw ma¬ 
terials for an increasing number of in¬ 
dustries. For centuries they have been 
employed as agricultural fertilizers, hu¬ 
man food, ingredients of pharmaceuti¬ 
cals and as a source of certain chemicals, 
namely, soda, potash and iodine by ex¬ 
traction, and, for a time, a(*-et()ne by a 
fermentation process. 

The extensive more recent utilization 
of these plants as a source of gum-like 
hydrophilic colloids under the names 
“agar'', “carrageenin", “algin" and 
“alginates" had its origin in connection 
with World War I. These hydrophilic 
colloids are derived from two general 
groups of algae, namely, the kelps for 
algin and alginates, and the red algae 
for agar and carrageenin. The colloids 
thus derived have a number of similar 
I)roperties, but also others which are 
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physically and chemically different and 
which render one colloid more suitable 
than others for specific applications. 
Both groups of algae furnishing them 
have been discussed in two articles in 
Volume 1 of ECONOMIC BOTANY, and 
only certain aspects of their utilization 
will therefore be mentioned here. 

Kelps. Kelps are the large ribbon¬ 
like brown algae, some of which are oc¬ 
casionally found washed ashore. They 
were formerly an important source of 
iodine. In 188:] E. C. C. Stanford, an 
English chemist, was attracted to this 


tion is seen to be fibrous in a manner 
similar to wood pulp. 

Alginic acid, referred to industrially 
in its gelatin-like form as ‘^algin^^ is 
today produced in the United States to 
the extent of more than two million 
pounds annually with a value of more 
than one and one-half million dollars. 
It may be in the form of crude pastes, as 
used for boiler-water treatment, selling 
for 5^ to 7^ per pound, or in purified 
fiakes for 80^ to a dollar or more per 
pound. The principal manufacturing 
establishments in the United States are 



Eig. 7. The industrially important seaweed colloids aiid their sources. Broken lines indicate 
unimportant derivatives that may some day be of greater value. 


industry as a possible source of chemical 
by-products, and he pioneered in the field 
of extracting them. His attempts, how¬ 
ever, were unsuccessful, but in the course 
of his investigations he obtained by alka¬ 
line extra(*tion a substance with unusual 
gelling properties. When the material 
was preijipitated, filtered and purified, 
he found it to be an acid and named it 
“alginic acid’\ This material has be¬ 
come the basis of present day utilization 
of kelps. It is a dry substance, not a 
liquid, and under microscopic examina- 


the Algin Corporation of Ameri(ia, at 
Rockland, Maine, and the Kelco Co., at 
San Diego, California. 

The Algin Corporation and other con¬ 
cerns processing the seaweeds in New 
England depend for raw materials upon 
collections, made along the coast up to 
Nova Scotia, of the horsetail kelp 
{Laminaria digitata Lam.) and the 
broad-leaf, or sugar, kelp (L. saccharina 
(L.) Lam.). Gathering in the shallow 
coastal waters is by power boats 
equipped with grapple hooks so as to 
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operate at depths of 32 to 35 feet. 
Lesser quantities are collected from 
dories by hand dragj^ing and raking as 
off-season work by fishermen. The best 
season for collecting is from June to the 
early part of December. 

The Kelco Co. and others on the 
Pacific Coast depend primarily on the 
giant kelp {Mac7V)cystis pyrifera 
(Turn.) Ag.) which grows over 100 feet 
in length and forms beds in the Pacific 
many square miles in area. The gath¬ 
ering mechanism is a motor-driven 
barge on which a modified under-water 
mowing machine is mounted. The ma¬ 
chine has a horizontal blade, 10 to 20 
feet wide, set four to five feet below the 
water surface. The kelp after it is cut 
is hoisted aboard by an inclined chain 
elevator. The cutter is mounted on the 
bow of the boat so that the cutting knife 
is ahead, and the boat at its beam is 
wider than the knife. The gatherer, or 
elevator, is directly behind the knife, 
and is chain-driven at speeds which are 
liigh enough to colleid the kelp before 
the motion of the water carries it away. 
The edges of the elevator are equipped 
with knives so that the kelp does not 
jam at the sides and clog the cutter and 
elevator. Barge capacities of 300 tons 
arc not unusual, and the kelp has been 
collected in amounts of several hundred 
thousand tons per year south of Point 
Conception, California. Kelp “farm¬ 
ing’^ is carried on by cyclic cutting of 
the beds to permit natural replenish¬ 
ment. 

Kelp beds are located below low-tide 
levels. Intertidal beds of other but 
much smaller brown algae, in the genera 
Fucus and Ascophyllum, are potential 
sources of seaweed colloids but have not 
yet acquired any commercial importance. 

The extraction j)rocesses are rather 
complicated and are covered by patents. 
They all involve many steps and lead to 
the same ultimate products, namely, col¬ 
loidal algin, calcium alginate, sodium 


alginate or other alginates. Tliese prod¬ 
ucts are commercially important be(‘ause 
of their properties as emulsifying, sus¬ 
pending, jellying, thickening and body¬ 
ing agents. One of the largest uses of 
algin in the United States is as a stabi¬ 
lizer for ice-cream. Its presence there 
induces smoothness of texture and pre¬ 
vents formation of ice crystals during 
storage. Algin finds wide application 
also in food products of a foam, jelly or 
emulsion nature, such as cakes, icings, 
chocolate milk and whipping cream. 

Ammonium and sodium alginates have 
been widely suggested for casein emul¬ 
sion paints. Sodium alginate, ])arti(iu- 
larly in its cheaper and cruder form, is 
employed as an addition to boiler feed 
water to prevent incrustation. In this 
use calcium alginate precipitates are 
formed with the alkaline earth com- 
])Ounds in the water to give globular 
flocculent masses. These, with other 
compounds which settle out, give a soft 
pasty sludge which can readily be 
‘‘blown down.’' 

Algin and sodium alginate in many 
ways (*.ompete with the natural gums, 
such as arabic and tragacanth, in the 
preparation of greaseless lubricating 
jellies, hand lotions, sizing materials, 
pharma(*.euticals and the many products 
which require thickening agents where 
viscosity increases are produced with 
small increases of solids contents. Being 
the product of chemical manufacture, 
the alginates are more consistently uni¬ 
form than are the natural gums. 

Considerable research on alginates for 
conversion into textile fibers has been 
carried forward. Such fibers do not 
compete with cotton or other natural 
fibers, or with rayon or nylon, for they 
readily dissolve when washed with soap 
or alkalies. They are of some interest 
in textile fabrication in designs which 
utilize the fibers in weaving and remove 
them by solution in finishing to obtain 
effects otherwise not possible. The prep- 
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aration of fibers and yarns from algi¬ 
nates and the weaving thereof, with sub¬ 
sequent removal, is a relatively expen¬ 
sive procedure which can be justified 
only in special and costly fabrics. 

In addition to the foregoing uses, ap¬ 
plication of alginates has been either 
established or investigated in the cream¬ 
ing of rubber latex, particularly the 
synthetic; as a coating for (ihcese, meat 
and other food products; and in tooth¬ 
pastes, lotions, pastes and polishes. 

Red Algae. The important red algae 
utilized for extraction of colloidal ma¬ 
terial are Irish moss, harvested for car- 
rageenin, and the other forms which are 
gathered for agar. 

Irish moss {Chondriis crispiis (L.) 
Stackh.) is known also as “carrageen’’, 

‘ ‘ carragheen “ carrageen moss “ car¬ 
ragheen moss”, “pearl moss”, “rocksalt 
moss”, “killeen”, “pigwrack” and by 
a number* of other names. It grows in 
tufted clumps, two to ten inches tall, 
attached to rocks below the low tide 
water level, or in intertidal pools, along 
the American and European shores of 
the North Atlantic. In their natural 
habitat of sea water the plants display 
various shades of purple or dark green 
with purplish tints, and in shallow pools 
in rocks adjacent to areas of high water 
the color may be drab olive. When dry 
the plants are somewhat stiflT, and the 
fronds, normally flexible, tend to be 
horny. 

Harvesting season is from May to Sep¬ 
tember and is formed with long-handled 
iron rakes, the operators working in 
dories and scraping the moss from the 
surface of submerged rocks. A good 
mosser will collect about 400 pounds in 
four hours during ebb tide. The moss 
is subsequently spread out on sandy 
beaches, repeatedly raked and sun- 
bleached, or is bleached chemically ^yith 
sulphur dioxide or other agents; it is 
also marketed in a black or unbleached 
form. There are many gradations of 


quality, and the cleaning and bleaching 
operation must be properly handled be¬ 
fore the moss can be sold to extractors. 
The gelatinous material subsequently ex¬ 
tracted by boiling water and known as 
“carrageenin” is used in the manufac¬ 
ture of pharmaceuticals, cosmetic soaps, 
paint, boiler-water compounds, in non¬ 
settling chocolate beverages (probably 
the greatest use), and in the brewing, 
textile, leather and other industries. 
Consumption of the dried seaweed in 
the United States for these purposes 
ranges from 800 to 1,200 tons annually, 
which means the gathering of 4,000 to 
4,800 tons of wet weed. The value of 
the crop in Massachusetts, centering 
around the town of Scituatc, was in ex¬ 
cess of $100,000 in 1941, but from year 
to year the production varies widely. 

Agar, which figuratively has hundreds 
of industrial uses and has an entire ar¬ 
ticle devoted to it in Volume 1 of ECO¬ 
NOMIC BOTANY, is produced from red 
algae which are widely scattered off the 
seacioasts of Japan, China, Ceylon, Ma¬ 
laysia, Australia, Mexico, California, 
Lower California and North Carolina. 
In Japan it has been extracted, prin¬ 
cipally from species of Gelidium, since 
the seventeenth century, and prior to 
1941 the United States depended almost 
wholly' on this Japanese source for its 
agar, although there was one producer 
on the West Coast at San Diego, Cali¬ 
fornia. This Asiatic development ac¬ 
counts for some of its other names— 
“Japanese isinglass”, “Chinese isin¬ 
glass”, vegetable isinglass”, “seaweed 
isinglass ”, “ Japanese gelatin ”, “ bar 
kanten”, “square kanten”, “slender 
kanten” and others. 

Three grades of Japanese agar are 
offered in the United States—Saghalien, 
Kobe and Yokohama. The first, from 
the Japanese part of Saghalien Island, 
is said to effect savings of sugar up to 
30% in confections; it is imported in the 
least quantity and its price is the highest. 
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Kobe represents about 80% of the Japa¬ 
nese output and a far larger proportion 
of the American imports. Most of the 
Yokohama, or Shinshu, quality is con¬ 
sumed in Japan, not more than 30% 
being exported, principally to Europe. 
All three are available generally as 
strands, sheets, blocks, powder or in 
shredded form. 

The seaweed from which the Japanese 
agar is extracted is collected from May 
to October by divers who make many 
descents during the day, cut the weeds 
free and return to the surface with 
bundles of. them. The plants are then 
left on the beach three or four weeks 
to dry and bleach, and later arc taken 
for manufacture to the mountains, for 
example, back of Kobe, where is found 
the right combination of cold nights and 
bright sunlit days to give the alternate 
freezing at night and the sun^s thawing 
and bleaching action in the daytime. 
The manufacturing procedure involves 
(‘leaning the seaweed by beating and 
washing in cold fresh water until free 
of salt and most of the foreign matter. 
The material is then boiled for 30 to 40 
hours to extract the glutinous matter 
and is allowed to settle undisturbed. 
Separation of grades is accomplished by 
scooping off layers without stirring; the 
top 70% usually furnishes the best 
grade. The solution is then poured into 
trays to cool and set, after which the 
jelly is forced through a perforated 
press. The resultant strips are next laid 
out to dry and bleach on shelves in the 
open or in covered open-sided sheds. 
The dried bleached product is sold either 
in strip form to the Japanese market or 
in ground form to the export trade. 

By far the greater proportion of the 
American agar industry is located in 
the southern part of California. It be¬ 
gan in 1919 with the founding of the 
American Agar Co. by seven Japanese 
in what is now Glendale. Mechanical 
refrigeration replaced the natural 


method of the Japanese procedure, and 
chlorine bleaching replaced that of the 
sun’s rays. The raw material was Ge- 
lidium cartilagineum (L.) Gaill. from 
the San Pedro breakwater. Uneco¬ 
nomic operation as a result of too much 
hand labor resulted in commercial fail¬ 
ure. In 1923 the plant was reorganized 
and the process mechanized by a suc¬ 
cessor who was responsible for American 
production from that year until 1926 but 
who terminated operations in 1933. In 
1933 the United States Agar Co. was 
started in National City, Cal., to reproc¬ 
ess Japanese agar. This company sub¬ 
sequently became part of a fourth con¬ 
cern, the American Agar and Chemical 
Co., at San Diego, working on Oelidium 
from Mexico, Laguna, San Pedro and 
Uedondo. A fifth outfit, Agar Products 
Co., of Los Angeles, lost its source of 
crude imported agar from Japan and 
turned to the nearby regions of the 
Pacific for raw material. In 1943 the 
Pacific Agar Co. began operatioiis at 
Whittier, Cal., and increasing demand 
subsequently caused two factories in 
Mexico to come into operation. On the 
Atlantic Coast commercial quantities of 
GracAlaria confervoides (L.) Grev., suit¬ 
able for agar extraction, are present in 
the region of Beaufort, N. (1, and ex¬ 
tracting factories have been set up at 
Beaufort, in New York and in Scituate, 
Mass. 

The process of extraction and final 
])re])aration of agar for market includes 
many stages and careful manipulations, 
as depicited in Pig. 8. The chemistry 
of the substaiK'.e is very complex and 
has not yet been fully worked out, but 
the material may be regarded as the 
calcium salt of a sulfuric ester of a col¬ 
loidal carbohydrate com])lex. 

C. K. Tseng, the author of one of the 
previous algal articles in ECONOMIC 
BOTANY, has estimated the distribu¬ 
tion of agar consumption in the United 
States as follows: 



28 


ECONOMIC BOTANY 


TABLE 3.— Distribution of Annual Agar 
Consumption in the United States 
(Estimated) 


Pounds 

Laxatives . 100,000 

Culture media . 100,000 

Bakery industry . 100,000 

Confectionery industry . 100,000 

Dental impression molds. 75,000 

Meat Packing . 50,000 

Emulsifiers . 50,000 

(Wnetics 25,000 

Miscellaneous other uses . 50,000 

Total . 650,000 

Agar is a iion-iiutritivo food, but is 
employed in food manufaetnre where 
bulk is desirable or where a hydrophilic 
colloid is useful because of its suspend¬ 
ing, stabilizing, thickening or gelling 
characteristics. It serves to increase 
bulk in bakery iirotlucts and is useful 
for low-calorie breads or biscuits for 
reduction diets for obesity or in non¬ 
starch Ipreads for diabetics. In dairy 
products, sherbets, water ices and frozen 
confections, agar, as well as the other 
natural gums and heinicelluloses, such 
as that of locust bean, serves as a stabi¬ 
lizer. Agar aits more quickly than gela¬ 
tin but has a low whipping point, in 
which respect it is not so good as are 
the natural true gums. It is not recom¬ 
mended as a stabilizer for ice cream. 
Probably the major non-competitive use 
of agar has been in nutrient broths and 
culture media of biologists. 

Modified Celluloses and Starches 

By various treatments cellulose and 
starch are industrially (^inverted into 
products possessing gum-like properties 
that make them useful in many of the 
ways in which natural gums are utilized. 

Cellulose is insoluble in water and 
does not display any swelling charac¬ 
teristic, but when treated with alkyl 
halides, such as methyl chloride or alkyl 
sulfates, after preliminary chemical 
treatment, it is converted into a cellulose 
ether with gum-like applications. A 


number of these cellulose ethers have 
been prepared, and some of them are 
available in commercial (piantities. 





Fig. 8. Flow-sheet of the various operations 
in producing sodium alginate from the giant 
kelp, Macrocystis pyrifera^ in California. 


Methyl cellulose, for instance, has been 
suggested as a thickener or a mechanism 
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tor increase of viscosity for textile print¬ 
ing; pastes in competition with modified 
starches, dextrins and natural gums. It 
has been introduced into the textile in¬ 
dustry under the trade name Colloresine. 

When cellulose is steeped in alkali 
metal hydroxide solution up to six hours, 
alkali cellulose is formed, and when this 
substance is acted on by monoehloracetic 
acid, there is a conversion to a white, 
granular, tasteless powder, designated 
‘'carboxymethylcellulose’The sodium 
salt of this powder is known as ^‘so¬ 
dium carboxymeth^dcellulosc ’ \ ‘ ‘ cellu¬ 
lose gum”, “sodium cellulose glycolate”, 
and by the trade names (Jarboxy Metho- 
cel, Cellocel and CMC. ThiJ salt is 
readily dispersible in water or in alka¬ 
line solutions so that thick highly viscous 
sols are formed whose characteristics dif¬ 
fer in degree and chemical x)roperties 
From those of water-dispcrr^iible ])roteins, 
v(*getable gums, seaweed colloids and 
hemicelluloses. Since it is a hydro¬ 
philic colloid it has been suggested for 
the usual water-dispersible gum applica¬ 
tions, namely, as a protective colloid in 
emulsions to prevent separation of the 
phases, in adhesives, finishing and sizing 
agents in textiles, paper coating and 
others. 

Modified starches are the dextrins and 
British gums. They are products of 
the action of heat or of heat and chemi¬ 
cal agents on starch by dry processes, 
or conversion products manufactured 
by suspending starches in water or cook¬ 
ing them to jellies and acting on these 
with chemicial agents, either cold or at 
high temperatures. Dextrin was first 
made in 1804 by roasting starch in an 
attempt to find a substitute for gum 
arabic and gum tragacanth which then 
already were largely used in industry. 
British gum reputedly originated as a 
result of a fire in a starch storage build¬ 
ing at a textile plant near Dublin, 
Ireland, in September, 1821. Part of 
the factory was destroyed by fire, and 


the starch in storage was roasted to a 
brownish yellow color. When this ma¬ 
terial was mixed with cold water it no 
longer had the characteristics of starch 
but dissolved to a viscous gummy liquid. 
The results were duplicated by heating 
starch in a cooking pot over fire, and the 
manufactured material was henceforth 
known as “British gum”. 

Up to 1870 gums from Acacia, par¬ 
ticularly from the Sudan, were almost 
exclusively used for the gumming of 
pajiers, envelopes and stamps. At the 
time of the Mahdist rebellion in the 
Sudan and the Sudan(‘se (campaign be¬ 
tween 1884 and 1898, the sup])ly of gum 
arabic was short and unstable. Prices 
rose to sucli an extent that substitutes 
were imperative, and dextrin from Ger¬ 
many relieved the situation. The raw 
materials for dextrins are the starcdies 
of (‘,orn, sago, tapioca and potato; smaller 
amounts from other sources are also 
used. The dextrin products vary con¬ 
siderably as a function of the raw ma¬ 
terial and of the manufacturing opera¬ 
tions. While potato starch is thought of 
as the easiest one to convert, disagreeable 
odors are produced by thermal proces¬ 
sing. Tapioca, or cassava, starch is free 
from this objection in that the dextrin 
made from it is in most cases odorless 
and tasteless while giving good adhesive 
strength, solubility, color, viscosity and 
clarity. It is the dextrin used almost 
exclusively by the U. S. Bureau of En¬ 
graving and Printing as an adhesive on 
postage stamps. When sago starch has 
been refined by washing or chemical 
treatment, satisfactory dextrin may be 
produced from it. It is claimed that 
the dextrins from cornstarch are not 
quite so good for some specialized pur¬ 
poses as that from tapioca or purified 
sago, but for most applications corn¬ 
starch dextrins arc comx)etitive with 
those from other sourcies. 

The trade differentiates between dex¬ 
trins and British gums in that the latter 
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give higher viscosity dispersions, very 
thick masses or even non-flowing pastes. 
Some of these characteristics are owing 
to the presence of only partly converted 
starch. British gum may be made by 
simple thermal processing of starch 
without the use of a hydrolyzing agent, 
or with amounts much smaller than are 
employed for the preparation of dex¬ 
trin. Typi(jal hydrolizing agents are 
mineral acids—hydrochloric, nitric, sul¬ 
furic or mixtures of them; organic acids, 
e.g., oxalic and formic; or halogen acids 
including hydrobromic. Acid salts and 
alkaline earth salts are also used as liy- 
drolizing agents. British gums are usu¬ 
ally somewhat darker than dextrins, 
being brown and often having a distinct 
burnt odor. Dextrins are often made 
from single starches, wliile British gums 
are commonly produced from mixtures 
of starches of various sources. 

Gums in Cosmetics and Pharmacy 

In the fields of cosmetics and phar¬ 
macy the hydrophilic colloids are used 
because of their mucilaginous or oily 
nature and their property of soothing 
enflamed or abraded membrane or skin 
and protecting them from irritation. In 
this capacity they are demulcents, or 
emollients. In lotions, ointments, pastes, 
salves, face creams and other cosmetic 
preparations they are suspending and 
emulsifying agents. Their quality of 
forming films upon evaporation, along 
with their ability to be plasticised or 
softened by other components, accounts 
for their presence in hair lotions, perma¬ 
nent waving compounds and bandoline. 

The Pharmacopoeia of the United 
States lists gum arabic under Acacia; 
Agar; flaxseed, or linseed, as Linum; 
acacia mucilage as Mucilago Acaciae; 
tragacanth mucilage as Mucilago Traga- 
canthae; and tragacanth as Traga- 
canthae. The National Formulary lists 
Chondrus, Irish moss, Carrageen, Dex- 
trinum Album and Britii^h gum. A 


number of unofficial lists, largely con¬ 
nected with the cosmetic arts, include 
cydonium, or quince seed; and karaya 
as Indian Tragacanth or Gum Sterculia. 
Other unofficial pharmaceutical listings 
include Psyllium which is in the British 
Pharmacopoeia Codex of 1923. 

In principle the gums are interchange¬ 
able in their many uses ranging from 
laxatives to hair-wave lotions, but some 
of them are better suited than others to 
certain of these outlets. 

Gums in Paints and Other 
Coating Compositions 

Ancient Hebrew texts mention the 
decorator who used soured milk, the im¬ 
portant constituent of which for that 
purpose is casein, and since the latter 
part of the nineteenth century factory- 
made casein paints in powder form have 
been sold in the United States. In re¬ 
cent years, however, and only after much 
development work, hydrophilic colloids 
and modified celluloses have found use 
in the paint industry in place of casein. 
The colloids are alginic acid and its 
sodium and ammonium salts, and the 
modified celluloses are sodium carboxy- 
methylccllulose, aluminum carboxy- 
methyleellulose and hydroxy ethyl cellu¬ 
lose. They do not constitute a major 
ingredient in the formulation of water 
paints, but nevertheless are of impor¬ 
tance because of their stabilizing effects 
on emulsions of paints, waxes and nu¬ 
merous other products. In these uses 
they serve as thickeners, protective col¬ 
loids or as film formers. As film formers 
with no modifying agents added, their 
use in the paint field is limited to a few 
special items, such as binders in fire- 
resistant paints where water-resistance 
is not essential. 

The alginates have been incorporated 
in asphaltic paints and varnishes, shel¬ 
lac emulsions and waterproofing compo¬ 
sitions in an emulsified form. Gum 
arabic has been employed in paints as a 



THE WATER-SOLUBLE GUMS 


31 


glaze and for emulsifying oils, and other 
kinds of protective coatings have in¬ 
cluded natural gums in their make-up. 

Gums in Textile Operations 

Although natural gums have many 
uses in the textile industries, starches 
and dextrins find much greater use in 
the same applications, and frequently 
the gums are used as a supplement to 
starch, chiefly to toughen the starch film. 
Whichever are used, they are employed 
in two capacities—as thickeners and as 
sizing. 

Textile color designs are obtained 
either by weaving or knitting colored 
yarns into the material, or by printing. 
In printing, the woven cloth, after being 
de-sized, bleached, mercerized or dyed, 
and dried, is printed upon by a variety 
of methods. Most of them, including 
the most important one, roller or ma¬ 
chine printing, require color pastes 
which consist of thickeners, water, dyes, 
mordants, dyeing assistants and other 
ingredients. The thickeners fall into 
two broad groups. In one are those used 
solely as thicikening agents and later re¬ 
moved as completely as possible from 
the fabric. Their function is to act as 
vehicles for carrying the color to the 
cloth and to prevent spread of the color 
by capillarity beyond the desired areas. 
They must not, however, have any af¬ 
finity for the colors or mordants with 
which they are mixed; otherwise, on 
being subsequently washed out of the 
printed fabric they will carry along 
much of the color. Arabic, Senegal, 
tragacanth, karaya and locust bean 
gums, starch, flour, dextrin, British gum 
and sodium alginate are in this group. 


The other group acts as both thickening 
and fixing agents, remaining on the cloth 
as an integral part of the finished color. 
In this group are albumen and casein, 
non-plant materials, which are both co¬ 
agulated by heat. By steaming they 
change to an insoluble form and fix the 
dye on the fiber. 

Formulation of the printing color 
paste must fulfill requirements of a 
range of viscosities, body and other (har- 
actcristics. This requires skill in selec¬ 
tion of the ingredients and in the formu¬ 
lation. The printing paste must fill the 
engravings of the design rollers and per¬ 
mit rapid removal of excess. The paste 
must be pressed into the cloth, yet re¬ 
main within the limits of the desired 
pattern, and it must permit the color 
to be fixed. The ability of a printing 
paste to give a fine line, a delicate de¬ 
sign, lightly engraved blotches, heavy 
blotches, a blending of colors, a sharp 
definition of colors, penetration of color 
to the back of the cloth, and a great 
many other desirable qualities is in large 
measure dependent upon the thickening 
used. For cotton the natural gums are 
too expensive, and the cheaper starches 
and British gums are used. 

Sizing, or slashing, consists of the 
treatment of warp threads with a solu¬ 
tion that forms a thin layer of binding 
material on the yarn in order to hold 
together all loose fibers and strengthen 
the yarn for weaving. The principal 
gums used in cotton sizing in order of 
importance are locust bean, karaya, 
tragacanth and arabic; also the starches 
of corn, potato, tapioca, rice, wheat, sago 
and sweet potato. Locust bean is the 
most used, followed by karaya. 



Turkish or Oriental Tobacco 

Commercial production of Turkish varieties of to¬ 
bacco in the United States is still a thing of the 
future, but investigations in that direction are being 
conducted. 
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Historical Introduction 

None of the many species of Nicof iana, 
except A. rustica and N. iahacAim, is 
^rown for the production of commercial 
tobac^eo, and such use of N. rustica is 
very limited, since it is utilized mainly 
as a source of nicotine for inse(di(ddes. 
The several botanical varieties and all 
the ag:r()nomic varieties of ‘‘ordinary’’ 
tobacco grown throughout the world, 
some of which are strikingly dissimilar 
in appearance, belong to one species, N, 
tdbacim. This species, therefore, must 
be considered as an exceedingly plastic 
one, and its plasticity may be a result 
of its being a natural hybrid, as indi¬ 
cated by genetical evidence. Moreover, 
as is widely appreciated, the agronomic 
varieties have arisen partly by selection 
and hybridization and partly by adap¬ 
tation to environmental differences in 
different parts of the world. As might 
be anticipated, certain of these varieties 
are also radically different from all the 
others in physical and chemical prop¬ 
erties. Consequently all those having 
closely similar properties and similar 
use in manufacture and in international 
commerce belong to the same type. 
Commercial types, to mention a few 
only, bear such names as the following: 
Burley, flue-cured or Virginia, cigar 
filler, cigar wrapper, sun-cured, and 
Turkish or oriental. 

The oriental tobaccos, which include 
several hundred varieties, are grown in 
a region generally known as the Near 


East, comprising Greece, Romania, Bul¬ 
garia, Russia (Crimean area), Turkey, 
Iran, Irak and Egypt. It is not defi¬ 
nitely established when tobacco culture 
was first initiated there, but it probably 
dates from early in the 17th century. 
Oriental tobac'cos were never greatly in 
demand in world markets during the 
succeeding 300 years, and, during this 
long period, the expansion of the to¬ 
bacco industry in the Near East was 
slow and quite uneventful. 

Until approximately 30 years ago the 
quantities of oriental tobacco imported 
into the United States each year were 
relatively small, and such tobacco was 
employed here almost entirely in the 
manufacture of all-Turkish (dgarettes. 
Then, just prior to the outbreak of 
World War 1, to dispose of accumu¬ 
lated stocks, certain manufacturers 
blended oriental tobaccos with domestic 
types to make cigarettes. Such blended 
cigarettes found immediate public favor 
because of improved aroma, better com¬ 
bustibility and better flavor. In fact, 
the popularity of blended cigarettes 
and blended pipe tobacco has increased 
rapidly each subsequent year. Coinci¬ 
dental with the rapidly increasing de¬ 
mand for blended smoking tobacco in 
the United States, there was a marked 
increase in tobacco production in the 
Near East, to the extent that when 
World War II began the annual crop 
there exceeded 100 million pounds. A 
large proportion was being purchased 
each year by American tobacco manu- 
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facturers. As a consequence of the lack 
of facilities for shipping and the rad¬ 
ical changes in price structure occa¬ 
sioned by the war, the entire oriental 
tobac(*u industry became greatly dis¬ 
rupted. Whether it can again be stabi¬ 
lized to approximate pre-war condi¬ 
tions remains quite unpredictable and 
problematical. 

During this period of rapid expan¬ 
sion, just mentioned, Ameri(*an and for¬ 
eign tobacconists fostered the idea that 
tobacco having the qualities of oriental 
toba(iCo cannot be grown in any other 
])orti()n of the world. A variety of 
reasons in support of this opinion was 
assigned. By and large, these reasons 
centered around obvious differences be¬ 
tween different t()bacc()-growing re¬ 
gions, such as those of soils, prevailing 
tenqieratures, distribution of rainfall, 
and techniques of curing and subse¬ 
quent processing. Published in forma¬ 
tion, based on adequate experimental 
studies, regarding the i^roduction of ori¬ 
ental tobacco in the Near-East is meagre. 
At least such information as has come 
to hand, when critically apjiraised, has 
little value in determining the possibil¬ 
ity of prodiuiiiig tobacco having the fea¬ 
tures of the oriental type in any region 
outside the Near East. Unfortunately 
the impact of opinions expressed by to¬ 
bacconists and others with commercial 
interests to the effect that such tobacco 
cannot be grown elsewhere was tremen¬ 
dous, especially when their statements 
were employed as propaganda. In ex¬ 
tenuation it may be said that actual 
field trials, involving the expenditure of 
thousands of dollars, have been made 
to grow oriental tobacco in the United 
States, and the results, showing lack of 
success, have been cited to support these 
opinions. When, however, the proce¬ 
dures involved in these trials are criti¬ 
cally examined, the work must be ap¬ 
praised as quasi-scientific and quite in¬ 
adequate, mainly for the reason that it 


shows lack of evidence of having been 
based upon fundamental knowledge of 
the tobacco plant itself, of its (iulturc 
and of the factors correlated with 
''quality'^ in Turkish tobacco. 

Elsewhere throughout the world, ex¬ 
cept in Rhodesia, no serious attenijits 
have been made to cultivate Turkish 
tobacco. There in recent years the ven¬ 
ture has attained the proportions of be¬ 
ing commercially successful. 

Experimental Findings 

Ill 193f) a group interested in tobacco 
researcdi, of which the writer is a mem¬ 
ber, decided to undertake a study to 
determine whethei tobacco of the Tur¬ 
kish type might be grown in the south¬ 
eastern United States, but only after 
having carefully considered the foresee¬ 
able difficulties involved in such a ven¬ 
ture and the possible economic conse¬ 
quences. This study, employing both 
field and laboratory experiments, has 
now been in ])rogress for nine years. 
Ill brief it has been established that to¬ 
baccos quite like those imported from 
the Near East can be grown in the 
Piedmont and Mountain Areas of Vir¬ 
ginia, North Carolina and South Caro¬ 
lina. The rationale underlying all the 
procedures employed, just as in the pro¬ 
duction of other types of tobacco, has 
not been resolved. Such definitive prog¬ 
ress as has been made has been re¬ 
corded, in part, in some detail (1~8). 
It seems best at this point to state cate¬ 
gorically the most significant of these 
findings and to leave until afterward 
their appli(*.ation to cultural practices. 
These findings include the following: 

1. Varieties of tobacco long estab¬ 
lished in the Near East yield a prodiuff 
that is superior in (piality to that from 
varieties that have been introduced there 
recently. Varieties long grown in the 
Near East, if planted in the United 
States, are found to be entirely unlike 
any commercial varieties now being 
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planted here. On the other hand, varie¬ 
ties reeently iiitrodueed into the Near 
Bast, if planted in the United States, 
are recop:nizable as (piite like some of 
the varieties now bcin^ grown here. 

2. There are four primary groups 
among oriental tobacco: Samsoun, 
Smyrna, Kavalla, Xanthi. Experienced 
tobacconists, when given cured leaves to 
examine, not only readily distinguish 
between these groups but are able also 
to identify by name many of the varie¬ 
ties within each group. 



Fig. 1. A haiid-])laiiter, useful for trans¬ 
planting tobacco seedlings. Survival is insured 
by watering each seedling while transplanting. 


3. Considerable differences, as in 
height, time of maturing, leafiness, leaf 
shape, type of insertion of leaves and 
hairiness of leaves, exist between plants 
within any named variety of oriental 
tobacco. Kinds that are different in 
these features from the parent sto(*,k 
have been obtained by selection, but it 
has not been possible to secure complete 
similarity of progeny. 

4. The elements of which ‘Equality’’ 
in different types of tobacc.o is consti¬ 
tuted, or the features with which qual¬ 


ity is correlated, remain only partially 
analyzed and evaluated. But from the 
viewpoint of manufacturers, quality in 
oriental tobacco includes, as essential 
characteristics, aroma, combustibility 
and flavor. 

5. Seasonal factors modify quality in 
oriental tobacco. Rains in exce.ss when 
accompanied by (continuously overcast 
skies unfavorably affect the develop¬ 
ment of tobacco having best quality, 
whereas the production of vintage crops 
is promoted by dry hot seasons. . 

6. The rate of growth of oriental to¬ 
bacco for development of best (piality 
is continuously slow throughout the en¬ 
tire season. When such growth is 
graphically represented, the growth 
curve is sigmoidal, although it tends to 
approximate a straight line. 

7. Varieties of oriental tobacco differ 
strikingly in duration of the growth 
period, some requiring 30 to 40 days 
longer than others to reach complete 
maturity. In general, late-maturing 
kinds are taller, more robust, have the 
largest number of leaves, and when 
cured, their leaves are the most aro¬ 
matic, but they bear the smallest num¬ 
ber of flowers and capsules. 

8. Oriental tobacccos are best harvested 
by removing the leaves as they mature, 
a few at a time, beginning with the 
lowermost and progressing upward on 
the stalk. Harvesting in this manner 
is called ‘‘priming.^’ The leaves are 
air-cured, and curing is customarily 
hastened by exposure to sunshine. 

9. To date there are no analytic pro¬ 
cedures by which to gauge maturity. It 
is determined empirically. Tminature 
leaves and over-mature ones, when 
cured, differ markedly from mature 
ones in texture, color and aromatic 
properties. 

10. The uppermost leaves are gener¬ 
ally of the best quality, and those borne 
near the base of the stalk are of poorest 
quality. 
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11. Leaves having the largest surface 
area are produced along the median 
stalk region, and are progressively 
smaller toward the extremities. 

12. Each leaf, except a few juvenile 
ones near the base, on any plant, re¬ 
gardless of leaf size, tends to have the 
same number of glandular hairs. As 
an outcome the population density of 
such hairs is greatest on the smallest 
leaves, i.e., those borne near the top of 
the plant. 

13. Aroma of oriental tobacco seems 
to be traceable primarily to the exudate 
synthesized by glandular hairs. The 
chemical nature of this exudate is not 
fully known, but it is a iTsinous com¬ 
plex containing ethereal oils which pre¬ 
sumably undergo polemerization and 
oxidation slowly during curing and 
aging. 

14. The density of hair population is 
heritable, but the number of hairs per 
leaf may be modified by environmental 
factors, such as spacing of plants and il¬ 
lumination. It follows that volume or 
quantity of aroma is to a degree con¬ 
trollable. There is evidence to indicate 
that quality of aroma is also controllable 
but to a lesser extent. 

15. The dilferences in quality of 
leaves borne at dilferent levels on the 
stalk are not traceable alone to differ¬ 
ences in density of population of glan¬ 
dular hairs. There are also differences 
the causes of which are internal. 

16. The removal of leaves in harvest¬ 
ing disturbs the leaf-stcin-root balance 
and in consequence upsets the physio¬ 
logic equilibrium of the entire plant. 
Compensatory adjustments or changes 
are therefore induced in the leaves i^e- 
maining to be harvested. Such changes 
become progressively greater with each 
successive priming of leaves. As a con¬ 
sequence the leaves of each priming are 
chemically different from those of all 
others. 

17. Oriental tobacco is not topped, 


i.e., the flower stalks are not removed, 
because the physiological unbalance in¬ 
duced by topping results in undesirable 
physical and chemical modifications in 
the leaves. 

18. Internal factors which regulate 
metabolism govern vegetativeness and 
re])roduction in a tobacco plant. These 
factors are anti-complementary or op¬ 
positional. The point of inflection of 
the growth curve marks the stage at 
which the opposed factors arc in bal¬ 
ance. The factors are unbalanced in 
favor of vegetativeness during develop¬ 
ment of the leaves borne along the lower 
portion of the stalk, and in favor of re¬ 
production during development of the 
upper leaves. 

Application of Findings to Field 
Practices. Planting. Proper spacing of 
plants in the field is very essential in 
growing oriental tobacco because the 
plants when closely spaced grow slowly, 
and as a result the leaves are of small 
size, of desired texture and have the op¬ 
timum hair population and chemical 
composition. The number of plants per 
acre should range between 50,000 and 
70,000. If the distance between rows is 
20 inches and that between plants within 
the row is 5^ inches, the number of 
plants per acre will approximate 60,000. 
Each plant, depending upon the variety, 
produces from 20 to 40 leaves, and from 
700 to 2,000 cured leaves are required to 
weigh a pound. 

Soils and Preparation of the field. 

The fertility level of fields in which 
oriental tobacco is to be grown is also 
an important practical consideration. A 
slow growth rate that can be controlled 
may be obtained by employment of in¬ 
fertile soils. For these requirements 
clay soils have been found preferable to 
sandy soils. Then, to provide a supply 
of essential minerals requisite for satis¬ 
factory yield and quality, well decom¬ 
posed manure, six to eight tons per acre, 
may be applied. In general, when the 
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Fia. 8 {Upper), Bales of oriental tobacco undergoing aging in storage. 

Fig. 9 (Lower), A press box and an automobile jack to compress the strings of leaves. 
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fertility level is raised by use of mixed 
commercial fertilizer, the quality of the 
cured leaves is undesirable. To supple¬ 
ment manures, however, potash in the 
form of sulfate of potassium, using 80 
to 100 pounds per acre, is advantage¬ 
ous. In the presence of sufficient potas¬ 
sium euticularization of the leaves is in¬ 
creased and quality, especially texture 
and combustibility, is thereby enhanced. 

For best results the fields should be 
plowed, disked and manured well in ad¬ 
vance of planting to the extent of es¬ 
tablishing a good state of tilth. If the 



Fig. 10. Diagram of a screw press and col¬ 
lapsible frame of a kind that is adapted for 
use in baling oriental tobacco. 


soils are thus well prepared, two or three 
cultivations during growth of the cro]) 
should be sufficient. A hoe or hoe-fork 
is best suited for use in the first culti¬ 
vation which should be made 10 to 15 
days after transplanting. Subsequent 
cultivations are best made by use of a 
horse-drawn cultivator of a kind having 
two or three bull-tongue points or 
shovels. 

Harvesting and Curing. The lower¬ 
most leaves will be sufficiently mature 


to harvest approximately 50 days after 
transplanting. The topmost leaves may 
not be harvested until four to eight 
weeks later, depending upon the variety 
of tobacco and the prevailing weather. 
The leaves must be threaded onto strings 
as soon as possible after they have been 
harvested. In so doing a long needle is 
used to pierce the midribs. The strings 
of leaves are next attaidied to sticks or 
laths which are closely hung in a shed 
to permit the leaves to wilt and yellow. 
Proper wilting and yellowing arc de¬ 
pendent upon maintenance of suitable 
relative humidity of the ambient air 
within the shed and of controlling air 
movement. If the humidity is too low 
and the air circulates too freely, the 
leaves will not yellow satisfactorily but 
will become dry; at the opposite en¬ 
vironmental extreme, droplets of mois¬ 
ture may accumulate on the leaves, and 
and the tissues will then become dis¬ 
colored. 

Wilting and yellowing should be ac¬ 
complished after two days, whereupon 
the leaves should be placed on curing 
racks and exposed to direct sunshine. 
Curing requires from five to ten days if 
the weather is favorable. Unless the 
leaves are protected against dews and 
rains during curing, they become dark¬ 
ened. For this reason it is essential 
that the curing racks be portable or 
readily movable so that the curing to¬ 
bacco can be moved under shelter at 
night and also during daytime when 
rains are imminent. 

Once the leaves are thoroughly cured, 
the sticks of tobacco may be removed 
from the racks and placed in dry stor¬ 
age. Storage is suitable only if it is 
well ventilated and if the tobaccos re¬ 
main dry during wet weather. Other¬ 
wise the tobacco may become damaged 
by molds. 

Baling and Grading. Specially con¬ 
structed frames or boxes and a mechan¬ 
ism for pressing are necessary for bal¬ 
ing. At time of baling the moisture 
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content of the leaves should be such 
that they will not break on being han¬ 
dled, and yet they should be sufficiently 
dry to rattle. Jn baling the strings of 
leaves are compacted into the box and 
the bulk is then covered with burlap. 
If growers bale in this fashion the bales 
may then be moved to a factory. It is 
advisable to keej) the primings separate, 
for by so doing grading at the fa(*4ory 
is greatly facilitated. There the bales 
are opened, the strings are removed, the 
leaves are sorted, and again the tobacco 
is baled and stored to permit aging. 
During aging the bales are variously 
turned and sta(^ked, a process called 
“ manipulationAging requires for 
completion a period of a year to several 
years. 
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Soybeans. In late 1947 the Chemical 
Division of General Mills, Inc., initiated 
eoinniereial production of polyamide resin 
from soybean oil. This new product ‘‘is a 
tough, h(*at-resislant plastic, used iiriinarily 
as a water and vapor sealer and as an ad¬ 
hesive surface coating for paper.” It was 
th(» Northern Regional Research Laboratory 
of the United States l)ei)artment of Agri- 
euliure that pioneered the manufacture and 
industrial utilization of polyamide resin from 
vegetable oil. In 1943 that organization 
developed a polyamide popular!}^ known as 
Norelac, worked out unit processes and 
practical fi()\v sheets for iiiaiinfacturing the 
product and uncovered many potential uses 
for it. General Mills entered the picture at 


that time by launching a research program 
directed toward improving Norelac and by 
jiiaking pilot plant quantities of the resin 
available to industry. 

“During World War TI, this polyamide 
resin served as an ingrediemt in some of the 
hot-dip stripping compounds which protected 
Army and Navy equipinent and spare parts 
against corrosion during overseas shipment. 
Applied while hot, these compounds hard¬ 
ened to a solid film as they cooled and could 
be easily stripped off when the equipment 
reached its destination”. 

The greatest peace-time application of 
polyamide resins is in packaging. (A. G. 
Hove If, Chemuryic Digest ^(I); 18, 1918), 



Coir Dust or Cocopeat —A Byproduct 
of the Coconut 


This material, now being produced commercially in 
Puerto Rico, has value as a mulching, rooting, soil¬ 
conditioning and seed-germinating medium. 

E. P. HUME 

Federal Fxperiment Statioriy Mayaguez, Puerto Rico 


For hundreds of years natives of tropi¬ 
cal countries have gathered coconuts 
{Cocos nucifera L.) and dehusked them 
in order to get at the edible contents of 
the nut itself, normally discarding the 
husk. In some countries, notably India 
and Ceylon, the husks have at times 
been soaked in water to loosen the fibers 
of which they are exclusively composed, 
and the fibers have then been separated 
by pounding for manufacture into cord¬ 
age ; or they have been separated by hold¬ 
ing the husks against a revolving wheel 
armed with spikes. The latter method 
produces very short fibers unsuited for 
cordage but adaptable to conversion into 
the familiar coco door-mats abundantly 
imported into the United States. A by¬ 
product of this short-fiber production is 
a mass of tiny, brown, irregularly shaped 
particles, known in the British Empire 
as ‘‘coir dusU\ Because the term 
“dust” to most people implies an un¬ 
desirable quality and has no connection 
with the coconut, and because this so- 
called “dust” has many characteristics 
of horticultural peat, it is here suggested 
that this valuable material be known as 
“cocopeat”. 

A search of the literature has disclosed 
only four authors, working chiefly in 
India and Ceylon, who discuss its use. 
One of them recommends it, when well 
leached, to increase the organic matter 
content of potting soils. He also notes its 
slow decomposition and beneficial me¬ 


chanical effect in improving soil drain¬ 
age. Another mentions its use for bed¬ 
ding animals, as a packing material for 
nursery stock and for insulation. A 
third author describes its use in the 
fertilization program for coconut planta¬ 
tions where it is placed in shallow 
trenches around trees to which animals 
are tethered, absorbing their urine and 
holding it for use by the tree. 

In the only known publication dealing 
solely with the material, analyses show 
that it contains less than one percent of 
any of the major nutrients and thus in¬ 
dicate that it can not be sold as a ferti¬ 
lizer. These data also show that it con¬ 
tains approximately 40 percent lignin 
and only 12 perc.ent pentosans. The 
author of them interprets this low pento- 
san-to-lignin ratio as an indication of ex¬ 
tremely slow decomposability and sug¬ 
gests that the decomposition process 
could be stimulated by addition of nutri¬ 
ents and materials high in pentosans, 
such as grasses. He also showed its 
ability to improve the moisture-holding 
capacity of sandy soils when, by adding 
only two percent of cocopeat to a sandy 
loam, the moisture-holding capacity of 
the soil was increased from 24.3 to 33.2 
percent, or nearly 40 percent. This in¬ 
crease is not surprising, for he found the 
moisture-holding capacity to be over 800 
percent on a dry-weight basis. 

Until recently cocopcat was pratdically 
unavailable in the Western Hemisphere. 
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A modern coconut fiber factory estab¬ 
lished in Mayaguez, Puerto Rico, is now 
producing this material in large (quanti¬ 
ties as a byproduct. Although only pre¬ 
liminary tests have been made with it at 
the Federal Experiment Station in 
Puerto Rico, it has been found sufficdeiitly 
useful to practically eliminate the neces¬ 
sity of importing peat for horticultural 
uses. 

An analysis of cocopeat from the above 
source is reported in Table 1. A sample 


TABLE 1 

Mineral Composition of Three Fresh 
Samples of Unscreened Cocopeat^ 


Sample 

Ash 

Ca 

Mg 

K 

P 

N 


% 

% 

% 

% 

% 

% 

1 

2.39 

0.42 

0.(53 

0.82 

0.07 

0.11 

2 

2.45 

0.39 

0.70 

0.25 

0.09 

0.11 

3 

2.48 

0.31 

0.65 

0.84 

0.09 

O.ll 


^Analyzed by R. Fernandez Pol, Collaborat¬ 
ing Chemist, Federal Experiment Station, Maya¬ 
guez, Puerto Rico. 


representing the oldest material available 
which had weathered approximately four 
years in the open was very similar in com¬ 
position, indicating extremely little de¬ 
composition. Cocopeat is fairly well sup¬ 
plied with iron and manganese, and has 
been shown to contain 17 parts per mil¬ 
lion of water-soluble manganese, 33 ppm 
of exchangeable and 63 ppm of reducible 
manganese. The iron content was 100 
ppm of water-soluble, 78 ppm of ex¬ 
changeable and 81 ppm reducible iron. 
Tt is only slightly acid, with pH values 
ranging from 5.7 to 6.7(2). 

As pointed out by Joachim, coeopeat 
is very slow in decomposing. It requires 
less frequent replenishing than most 
other muhdiing materials, but is gradu¬ 
ally mixed with the soil by the action of 
worms and other soil organisms, eventu¬ 
ally improving the physical condition of 
the soil. 

Macmillan makes a special point of 
using well decomposed cocopeat, possibly 


implying the existence of something toxic 
in the fresh material. In order to test 
this point, a cylinder of fresh cocopeat 
three feet long and 14 inches in diameter 
was enclosed in fine-mesh chicken wire. 
Tap water was poured through the cylin¬ 
der to leaiih out any scduble material. 
The leachate was used to water one of two 
flats of sand in whicih identical seeding 
had been made. The other was watered 
only with tap Avater. The results are 
shown in Table 2. 

TABLE 2 

Height op Seedlings Grown in Sand With 
and Without Water Extract of Coco¬ 
peat 30 Days from Seeding 


Average height of 
seedlings 


Species 

With coco- 
peat ex¬ 
tract 

With tap 
water 
only 

Hauhinia purpurea L. 

Inches 

2.5 

Inches 

0.8 

Hauhinia violacca 

Hort. 

3.0 

1.6 

Sterculia apetala 

(Jacq.) Karst. 

7.1 

4.2 

CouroupHa guianensis 

Alibi. 

2.1 

1.1 

Cassia spectahilis DO. 

2.1 

1.0 

Erythrina herteroana 

Urban 

2.4 

1.2 

Avcrajjfc iK'ight of all 
seedlings 

3.45 

1.65 


It is evident that, quite contrary to 
causing any deleterious effect, the early 
groAvth of seedlings Avas stimulated by the 
cocopeat extract. The treated seedlings 
aA^eraged 3.45 inches in height, Avhile the 
untreated averaged only 1.65 inches. 
The percent germination Avas unaffected. 

Cocopeat has been found to be a de¬ 
sirable material for mulching, especially 
if the short fibers are not removed. In 
the general landscape program on the 
Station grounds, plants of 15 species 
were planted near the end of the rainy 
season in the fall of 1947. The folloAving 
Avinter and spring Avere exceptionallj’' 
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•dry, even for JMayaguez, wliie.h normally 
experiences a well developed winter dry 
season. All the plants were mulched 
with a three-inch layer of cocox^eat, and 
not a single iilant died because of in¬ 
sufficient moisture, although none of the 
plants was Avatered except at planting. 
The only difficulty encountered with 
cocoi3eat for mulching is its light weight. 
When dry, or nearly dry, a sudden vio¬ 
lent rain may cause sufficient run-off to 
literally float the mulch away. This 
difficulty can be overcome by using soil 
conservation measures or otherwise re¬ 
ducing surface water movement, and by 
axi]flying a light layer of coarse sand or 
fine gravel on tox^ of the muh'h. Coco¬ 
peat has the great advantage over many 
mulching materials of being free of weed 
seed. Frequently weeds appear after 
mulching with cocoxDcat, but it has been 
found in these cases that the weeds came 
from seeds already on the surface, which 
sx)routed because of the imxn’oved condi¬ 
tions after mulching. Some kinds of 
mulch, if partially dry, will absorb prac¬ 
tically all of the water from a light 
shower, x^reveiiting it from reaching the 
roots in the soil below. Cocopeat, how¬ 
ever, permits rapid penetration of a 
good part of even a small preci])itation. 
This (character is particularly inix^ortant 
in regions experiencing chiefly light rains 
during the dry season. 

(^ocopeat mixed with heavy soil is 
X)articularly beneficial in improving its 
X)hysical condition. The many x>orous 
particles and fibers assist in providing 
channels for aeration and drainage. On 
the other hand, sandy soils, which hold 
little water and nutrients, produce better 
cro})s when even small percentages of 
coeopeat are added because of the very 
high moisture-holding and nutrient-ab¬ 
sorption capacity of this material. 

The ax)plication of mulch on the sur¬ 
face of a clay subsoil at Mayaguez did not 
in itself affect the permeability of the 
clay. Infiltration studies indicated no 


increase in the rate of soil water intake 
six months after an application of either 
one or two inches of cocopeat, but the 
mulch of cocopeat was able to absorb and 
hold a tremendous amount of water on 
the soil until it could soak in (5). The 
studies show an absorption rate by the 
cocox)eat equivalent to 94 inches per 
hour, or more than 300 times that of the 
soil below in these particular trials. It 
was determined that the water-holding 
capacity of this cocoxieat was 75 i)ercent 



Fig. 1. The growth of Dracaena sanderiana 
ITort. ill sandy clay soil 15 months old (left) 
compared to a iilant of the same siiecies in un¬ 
screened cocopeat 11 months old (right). 

by volume. In other words, a three-inch 
mulch of dry cocopeat could control the 
runoff of practically all of a two-inch 
rain, regardless of the rate at whi(4i it 
falls. 

Cocopeat is also useful in propagating 
seeds and cuttings. Best results have 
been obtained for these purposes when 
the peat was mixed with other ingredi¬ 
ents. For seed germination equal parts 
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by volume of coeopeat, sand and compost 
have given good results. Cuttings can 
be rooted in a mixture of one part coco¬ 
peat and three parts sand. No difference 
was observed in the rooting of cuttings 
when the i)roportion of cocopeat varied 
from 25 to 75 jiercent by volume. Add¬ 
ing cocopeat to propagating sand has the 
advantage, besides reducing the fre- 
(piency of watering, of making the propa¬ 
gating mixture soft enough so that cut¬ 
tings can be pushed directly into the 
mixture without injuring the cut surface. 

Unscreened cocopeat, containing short 
coconut fibers, can be used as a growing 
medium without other ingredients, as 
shown in Fig. 1. Tlie danger in this case 
is from over-watering, but mixing it with 
sand and loamy soil will overcome this 
difficulty. Because of its high moisture¬ 
holding capacity such a mixture should 
be useful for those who like to grow 


plants in the home but tend to forget 
about regular watering. 

Additional experimental work is neces¬ 
sary to establish the place of cocopeat in 
horticulture. The results so far have 
been very encouraging. Its use for 
mulching, soil conditioning and propaga¬ 
tion is worthy of trial by all who are 
interested in trying new horticultural 
products. 
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Utilization Abstract 


Margarine, Margarine “is a combination 
of refined oils, ])astenrized and cultured skim 
milk, salt, and lesser ingredients, processed 
to desired plasticity, melting point, and 
fiav()r^\ Roughly a third of Americans table 
spj’oad consists of margarine, close to 700 
million pounds of which were produced in 
1947. The origin of the name lies in the 
Greek word “margarites^^, meaning pearl¬ 
like. 

“Approximately 99 per cent of the oils 
used are vegetable oils—cottonseed oil, soy¬ 
bean oil, peanut oil, corn oil, and miscellane¬ 
ous other oils. Of these;, cottonseed and 
soybean oils arc the major products used. 


Last year, for example, cottonseed oil used 
in margarine manufacture accounted for 
48 per cent of the total oils used, and 
amounted to approximately 223 million 
pounds of refined oil. This is the oil equi¬ 
valent of about 3 million acres of cotton. 

“Soybean oil accounted for 43 per cent 
of the margarine oil ingredients, totaling 201 
million pounds of oil or the equivalent of 
about 1,170,000 acres of soybeans. Peanut 
oil contributed 3 per cent; corn oil, 1 per 
cent. The animal fats used in 1946 consti¬ 
tuted only about 1 per cent, and were mostly 
beef fat or stearine^\ (P. 1\ TrvAtt, Cliem- 
urgic Digest 7: 15, 194S). 



Grapes and Wine 

About 20 per cent of the world*s table grapes and 40 
per cent of the world*s raisins are produced in Cali¬ 
fornia, but less than 3 per cent of the wines of the 
world. 

A. J. WlNKliEE 

Proff’sxor of Viticulture and 
Viticulturi.Ht in the Experiment Station 
University of California, Davis, California 


The "ra])eviiie has furnished man 
with food and drink from the dawn of 
civilization. Noah planted a vineyard. 
Grape and wine ])rodnetion were figured 
in the mosaics of tlic earliest Kfjyptian 
dynasties. Later the Eonian statesmen 
and naturalists—Cato, the IMinys, and 
Columella—wrote of the jrrape and of 
wines. They deserib(‘d many varieties, 
listed numerous types of wine, and j?ave 
directions for the trainin^: of youn^ 
vines and the inakiiijr of wine. 

Grapes 

Grape production, as an industry, ap¬ 
pears to have started around the south¬ 
ern end of the Caspian Sea. From there 
it spread to other parts of Asia and 
then to Europe. The I’hoenicians car¬ 
ried it to France about tiOO B.C., and 
the Romans planted grapes on the 
Rhine. At about the same time jrrape 
culture was movinjr around the Medi¬ 
terranean to North Africa. As the 
Euro{)eans colonized new lands, the 
j^rape was always amon^ the plants 
taken along. Today it is cultivated on 
all the (continents and islands of the 
world where climatic conditions are fa¬ 
vorable for its production. 

Species. One species, Viti.s vinifera 
li., supplied all of the grapes that were 
grown by civilized man for centuries. 
It is the grape mentioned in the Bible; 
the grape of the myths and of poets; 


the grape from whicdi the wimvs and 
raisins of world commerce and most of 
the table grapes are produced. It is 
the Old World gra])e, the European 
grape, and more recently in America 
the California grape. 

Not until eastern North Americ'a was 
coloniz(Hl was th(n*e need for other spe- 
(*ies. Here the ins(‘ct phylloxera, Dae- 
tylospheara vilifoliac ShiiiuT, and sev¬ 
eral cryj)togamie diseases dc^stroyed the 
vines of F/7/.s‘ vinifera. Fortunately, 
North America was blessed witli many 
native sptndes of Vitis. The sjx'cies of 
the Midw(^st and East, which had lived 
with the phylloxera and diseas(‘s, were 
ivsistant to their atta(*k. With the fail¬ 
ure of their viniiera vines, the Ameri- 
(can (colonists turned to the nativ(‘ Vitis 
spe(ci(‘s for grai)(‘s. S(*lections of Vitis 
iMhrusca L., or hybrids of it with vin¬ 
ifera and other American species, 
foriiK^d the basis of a new and ditfennit 
gra])e industry in that part of the 
ITnited Stat(»s. These are true graja^s, 
but they dilfer greatly from vinifera in 
both morphology and in th(‘ flavor of 
their fruit. Many of these are s()-(‘alled 
“slip skins’’ and have a pronounced 
aromatic or “foxy” flavor. 

In the southern part of the United 
States east of Texas, varieti(‘s of Vitis 
roiundifolia Michaux are cultivated. 
These are muscadines, not true grapes. 
The berries are borm^ singly or in very 
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small (flusters, mature iiwj^nilarly, and 
dro]) when rif)e. Nevc^rthcdess, they arc 
imj)()rtaut, since th(\y are very hardy 
under hot aud humid conditions. 

Not content with the bc^st jrrapcs in 
the world and in the interest of science*, 
Kuro])(*ans introduced tin* Am(*ri<*an 
<rrap(‘s when these hecanie available. 
With these plants, unb(*known at the 
time, th(*y unwittingly to(jk the ins(*(*t 
phyllox(‘ra and the tlis(*as(*s downy mil- 
d(‘w, Plasmopora riticola Berk, and 
Curt., and black rot, Gu'ujnarda Bid- 
well ii Ellis, to Europe. In the course 
of little* more than two (lee*aeles follow¬ 
ing its introduction into France, x)hyl- 
l()xe*ra destroyed most of their vinewards. 
To re*e‘onstitute‘ these vineyards, Fi-ench 
viticulturists came to America in se^aredi 
of re)otsteje*ks that we*r(‘ resistant to this 
organism. Tlu*y were* successful, and 
soon the dee*aelent vineyards of Eiiroix* 
flourished aj^aiii, but eni rootstocks of 
Ame*rican spe*cie*s or hybrids. Amontr 
the* rootstoe'ks are sele.*e*tions of V. rupcs- 
Iris Scheele, V. riparia Michaux, and V, 
Vhampini IMaiiedion, hybrids of tlu'se, 
and r. cincrea Pln^elman, V. Hcrlan- 
dicri P., V. (^audieans Enj?., V. Solonis 
l>e*rol. and Planch, and V. Monticola 
Bue*., or hybrids of vinifera varieties 
with e‘e*rtain of the fore^’oinji: spee'ies. 

AIoiijj: with their efforts to control 
I)hylloxera Europeans attempted to pro¬ 
duce vines that were also resistant to 
various diseases by hybridizinxT Vitis 
vinifera varieties with American species, 
such as V, (testivales Michaux, V. ripa¬ 
ria, y. Linceeumii lUickley and V. ru- 
pestris. These hybrid varieties are 
nenthe*r ‘‘slip skins’’ nor foxy in flavor. 
They are the so-called “iiroductcurs di¬ 
rects” which are j^rown to some extent 
in certain parts of Europe because of 
their resistance to funjrus diseases. 

Kinds of Grapes. On the basis of use, 
^^rapes are grouped as follows: (a) 
wine grai^es, (b) raisin grapes, (c) 


table grapes, (d) sweet juice grapes, 
and (c) canning grap(*s. The* mature 
fruit of all named grayx* varieties— 
about H,()()0—will ferment into a kind 
of wine when it is e*rush(*(l, and most of 
the*m can be* dried or eaten fresh. Only 
a limited number of variedie*s, however, 
]>re)due‘x* standard or higher epiality 
wiims. The raisins of conimere'e* are 
produced mainly from three varieties, 
le*ss than a dozen varieties are grown 
extensively as table grape*s, the bulk of 
the swe*et juice produced in America is 
of one vari(‘ty, and only one variety is 
used for canning. 

A wine grape may be defined as a 
variety kjiown to be capable of produc¬ 
ing an accey)table wine in some locality. 
Table (or dry) wines reepiire grape*s of 
high acidity and moderate sugar (*on- 
tent, while dessert (or swe*et) wines are 
more* palatable if the grapes are high 
in sugar aiid moderately low in acidity. 
In addition to the constituent balances 
just stated, high epiality wines, which 
are outstanding in bouepud, flavor and 
gemeral balance, reepiire that the grapes 
utilized in th(*ir production jiossess spe¬ 
cial characteristics, such as those of the 
AVhite Hie*sling, Semilion, Fabernet Sau- 
vignon, Tinta Madeira and similar va- 
rietie*s when tlu*y are grown under fa¬ 
vorable climatic conditions. 

Eaisin grapes are grapes tliat pro¬ 
duce an acceptable dried product. Rai¬ 
sins, therefore, are dried grapes; yet 
ditfereiit varieties and dilferent meth¬ 
ods of drying yield very unlike prod¬ 
ucts. To bo a good variety for the ])ro- 
diiction of raisins, the dried product 
must possess: (a) a soft te^xture, (h) 
little tendency to becemie sticky, (e) 
seedle*ssiu"ss, (d) a marked, pleasing 
flavor, and (e) large or very small size. 
Only the yirodiicts of the Thompson 
Seedh*ss, Muscat of Alexandria and 
Black Corinth meet most of these re¬ 
quirements. 



48 


ECONOMIC BOTANY 


Grapes used fresh, either for food or 
for deeoratioii, are j?eiierally railed 
'‘table }?rapes/' They must be attrac¬ 
tive in appearance and pleasing to the 
palate. Large size, brilliant color and 
unusual form are generally appreciated. 
AVliere these grapes must be sliipped 
long distances to reach the markets, or 


Ribier (Alphonse Lavallee), all of which 
are grown in California, South Afri(!a, 
Australia, Argentina and elsewhere. 
The Thompson Seedless (Sultanina) 
owes its popularity mainly to its seed¬ 
lessness. 

Sweet juice grapes are those varieties 
of which the juice produ(!es an accept- 


The Principal Grape-Proditcing Countries of the World, with the Approximate Acreage 
AND Average Annual Production op Wines, Table CfRAPEs and Kaisins 
FOR EA(UT during THE PAST PiVE YEARS 


Austria 

Bulgaria 

Czei'hosloA’altia 

France 

Germany 

Greece 

Hungary . 

Italy 

Portugal 

Houinania 

Spain 

Switzerland 
Yugoslavia 
(Vprus 
Syria 
Turkey 
V, S. S. U.t 
Algeria 
Tunisia 

Cnion of South Africa 
Argentina 

iirazil . 

Chile 

Australia 

United States—total 
United States—California 


Area in grapes 

IV i ties 

(thousands 

(mitt ions 

of acres) 

of gallons) 

83 

*).> 

37‘> 

53 

43 

14 

3.340 

895 

153 

45 

.548 

08 

598 

125 

3,100 

880 

800 

200 

520 

220 

3,380 

495 

32 

20 

5.50 

P25 

133 

o 

121 

<■> 

1,090 

1.5^^ 

870 

130 

840 

490 

07 

14 

97 

.50 

430 

210 

84 

20 

247 

80 

128 

21 

070 

120 

490 

110 


Table grapes 

Haisins 

(thousands 

(thousands 

of Ions) 

of Ions) 

70 

145 


75 

95* 

20 

140 

10 

350 

190 

11 

o 

15 

4 

10 

1 

80 

00 

275 

30 

18 

o 

250 

11 

5 

15 

o 

82 

030 

200 

500 

200 


Sources of data: International Y'earhook of Agriculture and Bulletin Oflicc International 
dll Vin Nos. 201 and 202. 

* On basis of prewar rt'cords and minor cliang<‘.s in acreage figures appear low. 
f In view of new jilanting and acreage shifts during World War II, all figures apjiear low. 


when they arc to be stored for a consid¬ 
erable period, firmness of pulp, tough¬ 
ness of skin and adhorenee to the jiedi- 
eel become very important. These (pial- 
ities arc possessed in marked degn^e by 
the table varieties, such as the Flame 
Tokay, Emperor, Malaga, Red Malaga 
(Molinera), Almeria (Ohanez) and 


able beverage Avhen it is preserved by 
pasteurization or germproof filtration. 
The juice must retain the natural fri'sh- 
grape flavor. In Anieri(*a pasteurization 
alone has been employed to preserve 
grape juice. Most vinifera varieties, 
including the strong-flavored Muscats, 
when pasteurized by the usual methods, 
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nation with other fruits in the produe- 
tion of frnit salad and fruit cocktail. 
Only seedless sorts are used, usually the 
Thompson Seedless. 

Extent and Distribution of Industry. 
The principal j 2 :rape-producin^ countries 
of the world, tojrether with the acreage 
planted to grapes in each, with approxi¬ 
mate yields, are listed in the accompany- 
in<^ table. 

Owiiifr to the rava.ires of war, the pro¬ 
duction in Europe suffered sev'erely dur¬ 
ing the past decade. NeverHieh^ss, the 
first ten countries in the order of im¬ 
portance in the produ(*tion of wine are: 
France, Italy, Spain, Al<j:eria, Portugal, 
Roumania. Ar<>:entine, Russia, Yugosla¬ 
via and Hungary. The Ignited States 
produces less than 8 per cent of the 
wines of the world. 

The production of table grapes and 
raisins was increased durinp: the war 
years. The Fnited States, or more cor¬ 
rectly (California, has retained first 
place in the production of both table 
grapes and raisins. Statisti(‘s indicate 
that roughly 20 per (‘ont of the world’s 
table jrrapes and 40 per cent of the 
world’s raisins are produced in Cali¬ 
fornia. 

Climate. Vinifera g’raf)es require 
Ion", warm to hot, dry summers and 
cool wint(*rs for their best development. 
Humid summers favor the development 
of diseases that attack the fruit, while 
severe wint(‘r conditions (O'^ F or be¬ 
low) will destroy the vine if it is not 
protected. Spriu" frosts after the vines 
start {growth kill the shoots and clusters. 
Rain durin" winter to supply soil mois¬ 
ture is desirable, but summer rains make 
the control of diseases more difficult 
Rains of considerable duration duriii" 
the ri])enin" and harvest periods may 
cause rottin" of the fruit. Where rai¬ 
sins are to be prodiu'ed by natural sun- 
drying, as IS the custom in California, 
a month of clear, warm, rainless weather 
after the "rapes are mature is essential. 


Varieties possessiii" the characteristics 
of Vitis Lahrusca will withstand humid 
summers and colder winters better than 
those of vinifera. In fa(‘t, they may do 
better whert^ summer rains of short 
duration are the rule. Varieties of 
VUia rotnndifol (t thrive in very warm, 
humid regions of the southeastern states 
of the Pnited States. 

The limitation of "rape production to 
the temperate* zojie is due to (dimate*. 
As climate limits jyrafje-tyrowiii" to a 
broad zone, so it also limits the highest 
development of individual varie‘ties to 
loe'alizeel areas A\'ithin this zone. For 
e*xample, the Flame Tokay, a table 
jrrape, attains its most ace^eptable* ele*- 
ve‘lopment in (’alifornia in 4he warm, 
dry, ten-sepiare-mile are'a at Lodi, and 
the Emperor, table jirape, is r(»strie*te(l 
to a hot, dry district in eastern Tulare 
and Fre*sne) counties; while* the combi¬ 
nation of the particular climate of cer¬ 
tain rej^ions of Europe* with the epiali- 
tie^s of White Rie*slin", the Pinot noir, 
Cabe^rnet Sauvi"non, and Chardonnay 
have made possible some of the "reate*.st 
table wines of the world. 

Table wines are better whe‘n the suit¬ 
able varieties are "rown in (*ool regions. 
Fnder redativedy cool conditions ripen- 
iii" })roceeds slowly. This is favorable 
for the production of hi"h ejuality, 
since it fosters the redention of a hi"h 
de"re*e of acidity, low pi I and the devel¬ 
opment of f^ood color. With most table- 
wine varietie^s, these conditions briii" 
the. aroma and flavorin" constitu(*nts of 
jrrapes and the precursors of the bouepiet 
and flavorin" substane^es of the wiims to 
the highest de"ree of perfection in the 
mature fruit. 

An abundance of heat is ideal for pro¬ 
duction of the j^rape varieties from 
which d(*ssert wines such as port. Musca¬ 
tel and sherry are derived. Lar"e sum¬ 
mations of heat, espeedally just before 
and durinji: ripeniu", favor a hi^h ratio 
of suj^ar to acid in the mature fruit, 
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which, with the developmont of the 
other constituents of the fruit under 
such conditions, mak(» for smoothness 
and iiK'llowness in the a^ed ])roduct. 
The effect of the heat on the aroma and 
flavor is less objectionable than with 
table wines. 

Temperature is by far the most impor¬ 
tant factor of climate. In addition to 
its effects indi(*ated ab{)ve, temperature 


more by the summation of h(*at diirinjjr 
the ripeninjr period. With cool weather 
during this period, the fruit will be 
hi<rher in acid and taste sour, while 
with hot weather it will be low(‘r in aidd 
and taste sweet. 

Vineyard Soils, (i rapes are adapted 
to a wide ran^e of soils, drape growers 
often exf)ress a j)reference for certain 
soil typ(‘s, yet when a survey is made of 



Fig. 2. Vineyard of the coastal area of Falifornia (for vineyards of the interior valleys of 
(hilifornia see Fig. 8). (Courtesy of the Wine Institute.) 


governs the time elapsing from full 
bloom to a given degree of maturity. 
For example, 2,000° days (a degree-day 
as used here is 1° above 50° V for 24 
liours) will bring the fruit of Thompson 
Seedless from full bloom to 18° Balling 
(per (‘ent total soluble solids). Other 
varieties I'cijuire more or less heat, de¬ 
pending on whether or not they are 
early or late maturing. Although this 
total summation of heat may be used to 
indicate degree of maturity, it does not 
indicate palatability. This is influenced 


soils used for grapes in the many dif¬ 
ferent localities, it is found that grapes 
grow on soils ranging from blow sands 
to clay loams, from shallow to very deep 
.soils, highly^ calcareous to noncalcareous 
.soils, and from low to high fertility. 
The extremes in all these variations are 
less desirable, and poorly- drained soils 
or soils containing excess .salts are to be 
avoided. The deeper and more fertile 
soils produce the highest tonnages; they 
are preferred for raisins, common wine 
grapes and some table grapes. priori 
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information would appear to indicate 
that certain of the better wine grapes 
and certain table-grape varieties attain 
a higher quality when grown on soils of 
limited fertility and depth. 

Establishing the Vineyard. Com¬ 
mercial grape varieties are propagated 
asexually. This is accomplished by uti¬ 
lizing cuttings or making grafts which 
are grown for one year in the nursery. 
The cuttings may be of fruiting varie¬ 
ties or of rootstocks. The grafts consist 
of a segment of a stem of a fruiting 
variety placed on a rootstock cutting. 
In Europe grafts are regularly used to 
establish vineyards where root-destroy¬ 
ing organisms are present. In Califor- 


coastal areas, 10 x 10 and 8 x 12 feet in 
the interior valleys. Intermediate plant¬ 
ing distances are used in Australia, 
South Africa and South America. 

Training consists in the development 
of a vine of desirable form. It is ac¬ 
complished by pruning and the tying of 
the young vine and its growth to the 
support. Vinifera varieties are trained 
to two general forms, namely, headed 
and cordon vines (Fig. 3). In the for¬ 
mer there is a straight, vertical trunk 
or stem of the desired height, with arms 
radiating out from its top to form the 
head, while with the latter the trunk is 
much elongated, either vertically or hor¬ 
izontally. The most widely used cordon 



Fig. 3. Systems of training and pruning: (Left) TTead-training with spur pruning. (Cen¬ 
ter) Cordon-training with spur pruning. (Right) Head-training with cane (or long) pruning. 


nia grafts and rooted rootstock cuttings 
are employed. The latter are field 
budded to the desired fruiting variety 
ill late summer after they are planted 
in the vineyard. 

For convenience in planting, the roots 
of the rooted vines or grafts are short¬ 
ened to three or four inches. These are 
planted at the same depth they stood in 
the nursery. The union of grafted or 
budded vines must be above the soil so 
that there is no scion root production. 
Planting distances vary widely in the 
different countries of the world. In 
Europe the distances range from 3x3 
feet to 4 x 7 feet, while in California, 
where cultivation is largely mechanized, 
the widest spacing is employed; the vines 
are planted 7x7, 8x8 and 8 x 10 in the 


is the bilateral, in which the trunk rises 
vertically to the desired height where 
it is divided into the two branches which 
extend horizontally in opposite direc¬ 
tions along the row. Arms arise on the 
upper side of the horizontal parts of the 
trunk. Head training is universal for 
wine' and raisin grapes and some table 
varieties. The bilateral cordon is useful 
for certain large-clustered table grapes, 
especially , Ribier and Red Malaga. 
These are the commercial systems, but 
minor variations from them occur in 
some producing areas, and it must be 
remembered that the vine is readily 
trained to walls, pergolas, and arbors. 

The common supports for all head- 
trained, spur-pruned vines are stakes, 
while the cordon-trained, spur-pruned 
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and head-trained, eane-pruned vines are 
usually supported with trellises. The 
most generally used trellis has two wires, 
the bottom wire bein^ at 34 and the top 
wire at 48 inehes above the ji:round. The 
stakes and wire supports are usually 
2x2 inch split, durable wood, sueh as 
redwood in ('alifornia, of desirable 
length: four, six or eif?ht feet, aeeordin^ 
to the variety and the eountry. 

Pruning. Pruning is the most im¬ 
portant single vineyard operation. It is 
usually the sole means of regulating 
crop with wine and raisin varieties, and 
thus it largely determines not only the 
(quality of the fruit but also the quality 
of the wood for the next year. From 
90 to 95 per eent or more of the year’s 
growth of shoots or eanes is removed at 
the annual pruning. At pruning, spurs 
or fruit eanes, or both, are retained. 
Spurs are used for the varieties of which 
the basal buds, near the point of origin 
of the eanes, are fruitful, while fruit 
eanes are necessary where the buds near 
the basal end of the cane are unfruitful, 
and with varieties that produce very 
small clusters in which many clusters 
arc required to produce a full crop. 
S])urs of one, two, three or four buds 
in length are used according to the fruit¬ 
ing habit of the variety and the size of 
the individual cane from which the spur 
is retained. Likewise, canes vary in 
length from eight to 12 or 15 buds. 
The number of spurs or canes retained 
on a vine should vary with its size and 
the vigor of the year’s growth. In cane 
pruning a renewal spur of 2 buds is re¬ 
tained for each fruit cane for the pro¬ 
duction of fruiting wood for the next 
year and to aid in maintaining the form 
of the vine. The canes are removed 
after they have produced a crop. Varia¬ 
tions from the above procedure are en¬ 
countered, but they are largely adapta¬ 
tions to local conditions and not in 
principle. 

The grape starts growth late in spring, 


not until the mean daily temperature 
reaches approximately 50° F. Growth 
is rapid, reaching a peak in early sum¬ 
mer; then it slows down so that little 
further shoot elongation occurs after 
the fruit begins to ripen. The leaves, 
however, continue to function until the 
end of the season. Fruit-bud differen¬ 
tiation begins with the accumulation of 
carbohydrates in the shoots soon after 
length growth slows down in summer. 
The cluster primordia develop to the 
growing points for the individual flowers 
by leaf fall. Thus, the number of flow¬ 
ers to be reduced and the shape of the 
clusters are largely determined in the 
year prior to that in which the fruit is 
produced. The parts of the flowers de¬ 
velop in the spring after growth starts. 
Grapes bloom six to eight weeks after 
leafing out, depending on seasonal con¬ 
ditions. 

Set of the Berries. In the normal set¬ 
ting of the fruit of the grape, pollina¬ 
tion is followed by fertilization and this 
in turn by seed development. Along 
with this type of fruit setting there are 
a considerable number of varieties in 
which part or most of the normal mech¬ 
anism of fruit setting fails to function. 
As a result, there is wide variation in 
berry size, berry shape and uniformity 
of size and shape which is correlated 
with the type of fruit setting of the va¬ 
riety. Four types of fruiting or fruit 
setting will be mentioned. Although 
these variations are continuous from one 
type to the other, the set of fruit within 
an individual variety is relatively con¬ 
stant. 

The most common type of setting is 
that in which normal seed development 
occurs. In sueh varieties each carpel 
has one, two or more seeds, and the ber¬ 
ries are relatively uniform in size and 
shape. They are round, oval or fusi¬ 
form, according to the variety. In other 
varieties only one or two seeds develop 
to a berry. With much elongated ter- 
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ries, the presence of a single or two 
adjacent seeds may cause the berries to 
be facoid in shape (see 15, Pig. 1). 

In a second type most of the seeds 
produced are empty. Empty seeds re¬ 
sult from embryo abortion after the seed 
is well advanced in its development. 
Some varieties produce less than three 
per cent of viable seeds. As a rule, the 
berries of such varieties are non-uniform 
in both size and shape; that is, the var¬ 
iation resulting from the stimulus of 


type of fruit setting is common to a 
number of important varieties. The 
best known is the Thompson Seedless 
which produces two thirds of the world \s 
raisins and is used extensively as a 
table grape in America. 

In still another type the fruit setting 
is by stimulative parthenoearpy. In 
this type the berries are very small and 
round, with no trace of seeds. Seedless¬ 
ness and small size, however, have been 
important factors in making the Black 



Fig. 4. Supports for vines: {Left) Sloping top, four-wire trellis, California. (Upper right) 
Trees for vine supports, Italy. (Lower right) One-wire trellis, France. (See Figs. 2 and 5 for 
simple stake supports.) 


fertilization and the different stages of 
development attained by the embryo 
prior to aborting is marked. 

The other two types result in seedless 
fruit. There are two different types of 
seedlessness among commercial grape 
varieties. In the one type fertilization 
takes place, but abortion occurs suffi¬ 
ciently early so that only rudiments of 
seeds are present. These are thin- 
walled or often hardly more than en¬ 
largements of the vascular strands. This 


Corinth ot great commercial importance. 
The variety supplies the Zante or dried 
currants of commerce. 

Thinning Table Grapes. Not all vari¬ 
eties of grapes set equally well. Some 
varieties set clusters that are too com¬ 
pact; the clusters of others are well 
filled; those of others are loose to the 
point of being straggly; and still others 
set shot (parthenocarpic) berries along 
with the normal berries. 

As an aid in correcting the objection- 





GRAPES AXD WIXE 


OD 


able features of the setting of certain with no removal of leaves improves the 
varieties of table grapes, several methods carbohydrate nutrition of those retained, 
of fruit thinning have been developed. As a result, a better set of normal ber- 
When an overabundance of berries ries may be secured. Flower-cluster 
makes the clusters too compact or when thinning is useful on varieties that have 
overlarge cluster parts interfere with loose or straggly clusters, or which tend 
proper coloring and maturing, berry to set shot berries with the usual prun- 
thinning will improve quality. As used ing. The increase in the set of normal 
in Californ a, berry thinning consists berries appears to affect sufficiently the 



Fig. 5. Tractor-drawn disk with two Mollcy plows attacdicd at opposite sides to l)ack of disk, 
and with two Kirpy plows, one right and one loft hand, attached by chains to back corners of 
disk. This combination of implements with three men effectively cultivates 20 acres of vineyard 
per day. (Cal. Agr. Exp. Sta. Circ. 116.) 

in removing parts of clusters, usually by nutrition of the flowers that are not fer- 

(Mitting the rachis, to leave only the tilized to reduce the setting of shot ber- 

(lesired number of berries, while in other ries. For best results the vines should 

areas individual berries are removed, be pruned to retain more buds and then 

When the thinning is done soon after the thinned as soon as possible after the 

set of the berries, a marked increase in flower clusters appear, 

berry size is usually obtained. A third method, cluster thinning, con- 

In another method flower clusters are sists in the removal of entire clusters 

removed soon after they emerge, which soon after the berries have set. By leav- 
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ing enough fruiting wood at pruning to 
produce a full crop in all years and 
then reducing the overload in years of 
good set by cluster thinning, larger crops 
of high-quality fruit can be produced 
every year. By improving the nutri¬ 
tion of the fruit that is retained, cluster 
thinning enhances the size and color of 
the berries and tends to advance ma¬ 
turity. 

Girdling. This operation, which is 
also called ‘ ‘ ringing ^ consists in remov¬ 
ing a complete ring of bark, to ^ inch 
wide, from the trunk or a cane below 
the fruit which it is intended to affect. 
As a result, carbohydrates can not move 
downward, through the phloem, and an 
accumulation occurs above the girdle. 

When the girdle is open and effective 
during bloom, it increases the set of 
seedless berries; when it is open during 
the period of rapid growth of seedless 
berries, it increases the size of berry; 
and when it is open during the early 
part of the ripening period of seeded 
varieties, the coloring and ripening may 
be accelerated. Girdling is a regular 
operation for improving the set of Black 
Corinth wherever it is grown and for 
increasing the size of berry and firmness 
of Thompson Seedless and improving 
the coloring of Ribier and Red Malaga 
in California. 

Cultivation. In unirrigated vine¬ 
yards the only water available to the 
vines is the underground water. In 
areas of rainless summers, as in Califor¬ 
nia, or where periods of drought are of 
common occurrence, the weeds arc de¬ 
stroyed before they rob the vines of 
appreciable amounts of soil moisture. 
A winter covercrop or growth of native 
plants is usually encouraged. On roll¬ 
ing soils and hillsides this winter cover 
is of great value in preventing erosion. 
The winter cover is destroyed at the 
end of the rainy season or at the spring 
cleanup (Pig. 5). Cultivation should 
be repeated only often enough to de¬ 


stroy or prevent further weed growth. 
Cultivation conserves soil moisture only 
by eliminating weeds and not by virtue 
of loosening or pulverizing the soil. In 
the absence of perennial noxious weeds, 
it is discontinued as soon as the surface 
soil becomes too dry for seed germina¬ 
tion. Shallow cultivation is favored in 
most vineyard areas. 

In irrigated vineyards the matter of 
weed competition is of less importance. 
Such vineyards are usually cleaned up 
in spring and kept free of weeds during 
the period of rapid vine growth in order 
to eliminate weed competition for soil 
nutrients. When ample soil moisture 
is available, weed growth after midsum¬ 
mer is controlled only to prevent undue 
interference with the various vineyard 
operations. For example, in many 
table-grape vineyards of California that 
are free of noxious weeds, the native 
grasses are permitted to grow. It ap¬ 
pears that the readily available supply 
of certain elements is utilized by the 
grass and vine to such an extent that 
vine growth is checked, and, as a result, 
maturing is advanced and the grapes 
may be of a firmer texture, have a 
tougher skin, have better matured stems, 
and be more brilliant in color. 

Irrigation. Vinifera grapes do best 
in long, warm-to-hot, dry summers; how¬ 
ever, where the rainfall is insufficient 
to meet the water requirements of the 
vine, the deficiency in soil moisture must 
be made up by irrigation. In the ab¬ 
sence of sufficient rain, the soil is wetted 
as deep as the roots penetrate during 
the late fall, wdnter or early spring. Af¬ 
ter growth starts, the vines are allowed 
to almost exhaust the available water 
in the soil area containing most of the 
roots, then water is applied to rewet the 
soil. This practice should be repeated 
as required until the grapes are nearly 
ripe; the amount and frequency of the 
applications of water being determined 
by the texture and depth of the soil. 
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climatic* conditions, type of grapes 
grown and cultural methods. In very 
hot regions or with early-maturing sorts, 
one or more irrigations may be rec^uired 
after harvest to maintain vine growth 
so that the wood will mature normally. 

Insects and Diseases. The grapevine 
and its fruit are seriously attac'ked by 


using resistant rootstocks. The grape 
leafhopper, Erythroncura eleyantula 
Osb., whic.h is controlled with DDT; 
the grape root worm, Adoxus ohftcurus 
Li.; the grape leaf roller, Desmia funer- 
alis Hiibner; and the red spiders, 
Teiranychus pacijicus Med., which can 
apparently be controlled by some of the 



Fig. 6. Packed containers of table grapes: {Left) “[Stems up“ pack in lug Califor¬ 
nia. {Upper right) Large slat baskets, Algeria. {Lower right) Climax basket, eastern United 
States. {Lcutt from U. S. Dept, Agr,, Farm. Bull. 1558.) 


a number of insects and diseases. In 
the arid countries or regions there are 
fewer pests. In California and other 
arid rigions the principal insects attack¬ 
ing the vine are the phylloxera, Bactylo- 
sphaera vitifoliae Shimer, a root louse, 
and the root knot nematode, Heterodera 
marioni Cornu, which are combated by 


new organic phosphate insecticides ei¬ 
ther as dusts or sprays, are also impor¬ 
tant. In more humid regions there are 
in addition to the above the berry moths, 
Polychrosis hotrana Schiff and Clysia 
anihiguella Hiibner, and various beetles 
and caterpillars which may be controlled 
with arsenieals. 
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Diseases affecting the grape under deaux sprays; Cryptosporella viticola 
arid conditions are powdery mildew, Reddick, which is controlled by sodium 
Uncinula necatar Schw., prevented by arsenite; and numerous minor diseases, 
dusting elemental sulfur on all green Harvesting. A grape is ripe when it 
parts of the vine; black knot, Phyto- has reached the stage best suited for the 
tnonas tumefaciens Smith and Towne; use to which it is to be put. The ripe 
Pierce’s disease (in California), a virus, stage is the condition that results when 
control unknown; and black measles, the changes in the several components 



Fio. 7. Picking Thompson Seedless grapes directly onto trays for sun drying between the 
vine rows. 


cause unknown but controlled by sodium that make up quality have proceeded to 
arsenite spray while the vines are com- a point where their combined effect on 
pletely dormant. Under humid condi- the quality of a given variety is the 
tions the grape is also attacked by black nearest possible approach to an ideal for 
rot, Giiignarda BidwelU Ellis; anthrac- a given purpose. The ripe stage is not 
nofie,Qloe()S 2 )oriumampelophagumFa^s.; absolute nor does it represent the end 
downy mildew, Plasmopara viticola B. product in the changes that are proceed- 
and C., which are controlled with Bor- ing in the berries. For example, for 
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one purpose a grape of moderate sugar 
and relatively high acid content may be 
best, while for another purpose high 
sugar content and low acidity may be 
most desirable. 

Table grapes are harvested when they 
are sufficiently mature to be attractive 
and palatable. Above the minimum 
sugar content for the variety the degree 
of satisfaction with which grapes may 
be eaten depends on the ratio of sugar 
to acid. 

The containers in which table grapes 
are moved to market and the methods 


which reduces their deterioration mark¬ 
edly. The benefits of treatment with 
sulfur dioxide are; suppression of the 
growth of molds and other decay-caus¬ 
ing organisms, reduction in the respira¬ 
tion of the fruit and retention of the 
green coloring in the stems. In the 
shipment of grapes the best method of 
applying the sulfur dioxide is by dis¬ 
placing the air of the standard refriger¬ 
ator car with sulfur dioxide diluted 
with air to a concentration of approxi¬ 
mately 1 per cent by volume. Immedi¬ 
ately after the treatment the ventilators 



Fig. 8 . Finishing the drying of raisins; (Left) Stacked wooden trays. {Right) Rolled paper 
trays. 


of pac'king the fruit in the containers 
vary greatly from country to country 
(Fig. h). The least handling consistent 
with thorough trimming, to remove in¬ 
jured berries, and with efficient packing 
is imperative. The sooner the grapes 
are cooled after being removed from the 
vine, the better will be their quality 
when they reach the market. Deteriora¬ 
tion is very rapid at high temperatures. 

When grapes are to be shipped long 
distances or held in storage (at 31° F) 
for prolonged periods, it has been found 
advisable to supplement the low temper¬ 
ature by treating the grapes with 15 to 
20 parts per million of sidfur dioxide 


and doors of the car are closed, and the 
grapes absorb the sulfur dioxide. Grapes 
in cold storage are treated at seven- and 
ten-day intervals by releasing sulfur 
dioxide into the air (about J per cent) 
as it enters the storage room. After 20 
to 25 minutes the air with sulfur dioxide 
is blown out of the storage room. 

When raisins are made by the natural 
sun-drying process, as in California, the 
riper the grapes the better the raisins 
and the higher the yield. Thus, the 
grapes are left on the vines as long as 
possible and still having a reasonable 
safe period for drying. The grapes are 
picked from the vines and spread evenly 
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on wooden or paper trays without pre¬ 
treatment of any kind (Fig. 7). When 
the berries on the upper side of the clus¬ 
ters have shriveled and turned brown, 
the grapes are turned upside down onto 
another tray. In sun drying the slow 
oxidation that proceeds in the berries 
is instrumental in the development of 
the typical raisin flavor. Wooden trays 
are stacked and paper trays rolled 
when the raisins are three fourths dry 
(Fig. 8). In most of the other raisin-pro¬ 
ducing countries the drying weather is 
less favorable, and the grapes are pre¬ 
treated with or dipped into weak caus¬ 
tic or carbonate solutions with or with¬ 
out emulsified olive oil to hasten drying 
and to produce a lighter colored product. 
The dips vary in both composition and 
concentration, but their function is to 
render the skins of the grapes more 
permeable, either by checking or by re¬ 
moving the bloom, or both. A limited 
tonnage of grapes is dehydrated. 
Grapes to be dehydrate are usually 
dipped, to produce small checks or cracks 
in their skin which facilitate water loss, 
and treated with sulfur dioxide to pro¬ 
duce a translucent, golden-colored prod¬ 
uct. Dehydrated grapes do not possess 
a ‘ ‘ raisin ’ ^ flavor. 

The time for picking wine grapes is 
influenced by the kind of wine to be 
made. Grapes for table wines, except 
for the natural sweet, should be of high 
acidity and moderate sugar content. 
Such grapes are usually harvested after 
they test 18° Balling but before they 
reach 23°.* For dessert wines the grapes 
should be high in sugar and of moderate 
acidity. Grapes for sweet dessert wines 
are allowed to attain as high a sugar 
content as is possible without raisin- 
ing—usually 24° Balling or more. 

Wines 

Wine i.s the beverage resulting from 
the partial or complete fermentation of 
the juice of sound, ripe grapes under 
controlled conditions. 


Man, no doubt, ate the fruit of the 
vine long before he became acquainted 
with fermentation and its possibilities. 
Yet, the records of the early spread in 
grape production show that it was 
largely of varieties adapted for wine 
and not for eating fresh. This would 
indicate that man has long been familiar 
with wine. 

Kinds of Wine. The great variety of 
gra])es used, differences in the environ¬ 
mental conditions under which the 
grapes are grown, differences in the de¬ 
gree of completeness of the fermenta¬ 
tion, and differences in the (cellar treat¬ 
ment has resulted in the production of 
many kinds of wines in various parts 
of the world. 

Despite the large number of indivi¬ 
dual kinds, wines may be grouped into 
t\vo classes, namely, those that derive 
their alcohol entirely from their own 
fermentation and those to which grape 
spirits (alcohol) are added in addition 
to that derived from their own fermen¬ 
tation. 

The wines of the first group may be 
dry or sweet, white or red, still or spark¬ 
ling. These wines have been called 
‘^dry wines‘‘natural wines“light 
wines’’, etc., but none of these terms 
covers accurately all of the kinds in¬ 
cluded—some of them are (piite sweet 
and others are decidedly heavy (alco¬ 
holic). All of these wines, however, are 
intended for consumption primarily 
with food; hence it appears that they 
may be more correctly termed “table 
^nes”. The wines of European coun¬ 
tries are predominantly of this group— 
90 per cent or more. 

The wines of the second group again 
may be sweet or dry, white or red, but 
they are always still. These wines may 
best be called “dessert” and “appeti¬ 
zer” wines, since this again indicates 
their most common use. More than two 
thirds of the wine produced in the 
United States belongs to this group. 

Beyond these large groups, wines are 
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Fig. 9. Picking wine grapes: (Upper) In Algeria. (Lower) In California. 





62 


ECONOMIC BOTANY 


segregated according to the country of 
origin and the type. Wines are of a 
single type when their general and spe¬ 
cial characteristics show a pronounced 
similarity. In the case of ‘"table wines”, 
for example, if the term “type” is to 
have significance, a given type may in¬ 
clude only wines of a single variety of 
pronounced character, a principal vari¬ 
ety of pronounced character and several 
minor supplementary varieties, or sev¬ 
eral varieties of distinct character that 
are produced under special environ¬ 
mental conditions. In each case the 
vinification procedure must be such that 
will bring the potential qualities of the 
mature grapes to their full development 
in the aged wine. Most “dessert” and 
“appetizer” wine types, on the con¬ 
trary, are usually blends within and 
between years, but again they must be 
of a limited producing area and of 
standardized vinification practice. Some 
varietal wines, such as the Cabernets 
and Muscatels, because of their very 
pronounced aroma and flavor, may be 
produced under conditions that vary 
considerably and still retain their type 
identity. 

Wine Types. Each of the countries 
growing wines has one or more types. 
Most of these are primarily of local in¬ 
terest; some, however, have gained rec¬ 
ognition beyond the borders of the pro¬ 
ducing areas, and others have won 
world renown. Only a few types will be 
mentioned for purposes of illustration. 

Recognized white table wine types 
are: Riesling of Germany; Tokai of 
Hungary; Chablis, Champagne, Sau- 
ternes and White Burgundy of France; 
and Chardonnay, Johannisberg Riesling, 
Sauvignon blanc, Semilion of California. 

Red table wines of general interest 
are: Burgundy and Claret of France; 
Chianti and Barolo of Italy; Cabernet, 
Pinot noir and Zinfandel of California. 

Dessert wine types are Icvss numerous. 


The better known are: port, angelica, 
muscatel and the sweet sherries. 

The appetizer wines are the dry sher¬ 
ries and vermouth. 

Fermentation. Transformation of the 
sugars in the juice of grapes to alcohol 
and carbon dioxide by yeasts under fa¬ 
vorable conditions is called “fermenta¬ 
tion”. It is brought" about by enzymes 
produced by yeasts. Other organisms, 
such as molds and bacteria, may also 
bring about the fermentation of sugars, 
but they impart undesirable flavors to 
the product and are incapable of pro¬ 
ducing a high percentage of alcohol. 
Yeasts, too, vary in their ability to fer¬ 
ment; in the efficiency of the fermenta¬ 
tion ; and in the character, (quantity and 
and type of the by-products produced. 
The wine yeasts, Saccharomyces eWp- 
soideiis strains, ferment the must or 
juice free of sugar and produce a de¬ 
sirable vinous flavor. 

The use of selected yeasts is a regular 
practice in many wine-producing areas. 
This is particularly true when weather 
conditions during the harvest are un¬ 
favorable and when sulfur dioxide is 
employed to check the activities of un¬ 
desirable organisms. The use of a pure 
culture of yeast (1 to 3 per cent of the 
total) together with sulfur dioxide (50 
to 100 p.p.m.) results in a fermentation 
that begins promptly, proceeds vigor¬ 
ously and goes to completion. Although 
some strains of wine yeast may have 
some inherent flavor-producing capacity, 
the quality and character of the wine is 
determined largely by the grape variety 
used, its delicacy and richness being 
governed by the environment in which 
the grapes are grown. 

In the fermentation of grape must, 
the principal products are alcohol and 
carbon dioxide. The quantity of these 
as well as the kind and concentration of 
the by-products will vary with the strain 
of yeast used and with the composition, 
temperature and extent of the aeration 
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of the must. The overall e(iuati()n for 
the fermentation of j^rape must is as 
follows: 

2C2H5OII ^ 2CO2 

dextrose ethyl (*arbon 

or alcohol dioxide 

levulose p:as 

The process, however, is much more com¬ 
plex than this eijuation indicates. The 
fermentation of jjfrape su^^ars proceeds 
in a series of well-defined stages, involv¬ 
ing the formation of a number of inter¬ 
mediate products and the interaction of 
several enzyme systems. A(*etaldehyde, 
glycerin, 2,3-butylene glycol, lactic acid 
and acetic acid are regular products of 
alcoholic fermentation. Other prodtuds, 
such as succinic acid and higher alcohols, 
which are produced only in small 
amount but which may be of consider¬ 
able importance, arise when there is 
over-aeration during fermentation or as 
a result of the action of yeasts on sub¬ 
stances other than sugars. 

The above equation indicates a theo¬ 
retical yield of alcohol of 51.1 per cent 
of the weight of the sugar used. In 
practice, however, the yield of alcohol 
approximates only 47 per cent, the re¬ 
mainder of the sugar being used by the 
yeast for growth and respiration or con¬ 
verted into other products. 

In the production of white table wines 
only the free-run juice is fermented. 
After crushing, the juice may be per¬ 
mitted to stand on the skins for a time 
to absorb more of the flavors and aromas 
of the grape. The juice should be al¬ 
lowed to settle prior to the fermentation. 
Fermentation at a low temperature is 
preferable. In the production of red 
table wines, on the contrary, the fermen¬ 
tation must be on the skins, which are 
kept punched down or immersed in the 
liquid to facilitate the extraction of color 
and aroma. The pigment, an antho- 
cyanin, is in the cells of the skin in all 
red and most black varieties, and is not 


released until the semipermeability of 
the cell walls is destroyed by the alcohol 
produced in the fermentation. When 
the color of the fermenting wine is suf¬ 
ficiently dark, the juice is drawn off, and 
the fermentation completed off the skins. 
This procedure also fosters the extrac¬ 
tion of other substances, particularly 
tannin. In the production of rose wines 
the period of fermentation on the skins 
is very much reduced, and usually only 
grapes of moderate color are used. The 
fermentation of juice alone is carried 
out in closed containers to utilize the 
protection of the atmosphere of carbon 
dioxide over the fermenting mass, pro¬ 
vision being made for the escape of car¬ 
bon dioxide. 

With the much restricted period of 
fermentation of sweet dessert wines, it 
is common practice to ferment on the 
skins, except where a very light color 
is desired. In the latter and in the case 
of dry sherries the crushed grapes are 
usually allowed to stand until the 
pomace rises to the surface; then the 
free-run juice is withdrawn and fer¬ 
mented separately. To facilitate the 
extraction of flavors and color from the 
skins in the production of red dessert 
wines where the fermentation is inter¬ 
rupted soon after it gets well under way, 
necessitates the utilization of procedures 
to retard the rate of fermentation. A 
reduction in temperature is the most de¬ 
sirable means. 

Sparkling wines, such as champagne, 
are made naturally effervescent by a 
second fermentation in the bottle (or in 
a closed container). The amount of 
sugar required to produce the desired 
pressure and a culture of champagne 
yeast are added to a suitable table wine 
that has been brought through the nor¬ 
mal fermentation and clarification. It 
is then bottled in special champagne 
(strong) bottles which are corked with 
special corks that are held in place with 
steel clamps. Since the carbon dioxide 



64 


ECONOMIC BOTANY 


cannot escape, pressure is generated dur- bottles are then refilled with the same 
ing the fermentation of the added sugar, wine from another bottle or after adding 
The pressure (usually about six atmos- a small quantity of a special sweetened 
pheres) is governed by the amount of dosage, and finally they are recorked 
sugar present. The sediment produced and the cork tied in place with wire. 



Fig. 10. Champagne bottles on rack. Bottles are shaken slightly and turned a bit each day 
for weeks to work the sediment onto the cork. (^Courtesy of -the Wine Institute.) 

in the bottles during the fermentation The sugar in this final dosage does not 
must be removed. This is accomplished ferment because of the carbon dioxide 
by working it onto the cork, the bottle content, the pressure and the low level 
being inverted (Fig. 10), and then re- of the yeast nutrients, 
moving the cork and spilling enough Chemical Constituents. Certain 
wine to sweep out the sediment. The chemical constituents of wines are aids 
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in distinp:uishinj^ between elasses, while 
others are of use in determining sound¬ 
ness and identity. The alcohol <*ontent 
of table wines must be below 14 per cent, 
while that of dessert wines is over 18.5 
per cent. 

The sugar residue is an indication of 
the completeness of fermentation as well 
as an indication of the type. Wines 
with less than 0.2 per cent fiugar an^ 
‘Mry^\ since this amount of sugar is 
not perceptible to taste. With larger 
amounts of sugar in the wine, provisions 
must be made to prevent re fermenta¬ 
tion or bacterial spoilage. Sweet table 
wines, according to type, may contain 
from 0.25 to 6 per (*.ent of sugar. These 
wines are stabilized by pasteurization, 
the use of sulfur dioxide, or other means. 
Dessert wines contain from l(*ss than one 
to 18 per cent of sugar. In these the 
fermentation is arrested at the desir(‘d 
sugar content by the addition of neu¬ 
tral grape spirits. 

Table wines of high total acidity (0.65 
per cent or more) taste fresh, fruity 
and tart, whereas those of low total 
acidity (below 0.50) are likely to be fiat 
and insipid. Dessert wines, because of 
their high sugar (*oiitent, are more ac¬ 
ceptable at a lower total acidity. The 
better ones should have an acidity of 
0.40 to 0.50 per cent. A small amount 
of volatile acid is a normal (Constituent 
of wine; it may add to the flavor. How¬ 
ever, when the volatile acidity in(‘reascs 
unduly (over 0.12 per cent), it becomes 
objectionable and indi(‘ates that the 
wine is deteriorating. 

White table wines are straw to ])ale 
yellow% while the white sw(*et table wines 
are pale golden in color. An amber tint 
incli(*ates undesirable oxidation or over¬ 
aging. The white dessert wiii(*s are 
light amber. Rose wines are ])ink in 
color. Red table and dessert wines 
should be of a full-red color without 
blue. Brow’ii is objectionable in all pink 
and red wines, except in taw ny port. 


Aromas and Flavors. The constitu¬ 
ents that characterize natural wine types 
cannot be determined readily by chemi¬ 
cal means. The flavoring matters and 
the aroma- and bouquet-contributing 
substam^es arc pre.sent in such small 
amounts that they have so far been de¬ 
tected only organoleptically, and little 
has been done to measure them quanti¬ 
tatively. The most obvious and pro¬ 
nounced flavoring substances are those 
that give the wine its varietal character, 
such as Zinfandel, Ckibernet, Riesling or 
Muscat. The flavoring substances of 
these varieties are readily detected in the 
ripe fruit; those of others, however, are 
only faintly, if at all, rec'ognizable in the 
fresh grapes but develop a pronounced 
character in the wine during aging. 

The aroma and flavoring substances 
of natural wines are principally a com¬ 
bination of aldehydes, alcohols and or¬ 
ganic acids. The acids found in wines 
are acetic, formic, propionic, n-butyric, 
capric, lauric, caprylic*. and n-capric. 
This number of organic acids, as com¬ 
pared to the aldehydes and alcohols, to¬ 
gether with their readiness to combine 
with the same substance or substances 
to give rise to compounds differing 
greatly in odor and taste, indicates a 
prominent role for the acids in, and 
aids in accounting for the wide A^ariety 
of flavors and aromas of, wnnes. 

The sh(*rries of commerce are sub¬ 
jected to aging or other treatments 
which change or add to their natural 
flavors and aromas. Although the 
grape A^ariety supplies the suitable base 
for sherry, much of the distinctiA^e char¬ 
acter of the flavor of the Spanish sher¬ 
ries comes from aging under a film of 
yeast. The film oxidizes alcohol to 
acetaldehyde and produ(*es other flaA^or- 
ing constituents Avhich enter into the 
])roduction of the typical sherry flavor. 
California sherries, on the contrary, de- 
riA-e their characteristic rancid fla\'or 
from slow caramelization and oxidation 
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during storage at 120° to 140° F for 
two to four months. A moderate tem¬ 
perature slows the rate of oxidation and 
reduces caramelization, with the devel¬ 
opment of a more delicate flavor. Other 
wines of this group derive their flavor 
from long aging in oak casks. 

Vermouth is a wine that has been 
blended with an infusion of bitter and 
aromatic herbs. The quality of this 
wine is governed by the quantities and 
kinds of herbs used, the method of pre¬ 
paring the extract and the character of 
the base wine. The most commonly 
used herbs are fruits of coriander ( Cori- 
andrum sativum L.), bitter orange peel 
(Citrus Auraniium L.), leaves of Roman 
wormwood (Artemisia Absinthium L.), 
bark of cinchona (Cinchona sp.), Euro¬ 
pean centaury (Centaurea ?), cala¬ 
mus root (Acorus Calamus L.), roots 
of elecampane (Inula Uelenium L.), 
elder flowers (Sambucus sp.), fruits and 
roots of angelica (Angelica Archangel¬ 
ica L.), rhizomes of orris (Iris floren- 
tina L.), roots of gentian (Gentiana 
lutea L.), bark of cinnamon (Cinnamo- 
mum sp.), cloves (unopened flower buds 
of Eugenia caryophyllata) and the seeds 
of nutmeg (Myristica fragrans L.) and 
of cardamon (Elettaria Cardamomum 
(L.) Maton). Commonly the herbs are 
mixed as desired by the producer and 
then placed in the wine base until it has 
absorbed the desired flavors and aroma, 
or the mixture is extracted with alcohol 
and added in the proper quantity to 
the wine base. 

Aging. Once the fermentation is com¬ 
pleted in the case of table wines or ar¬ 
rested in dessert wines, the yeasts and 
suspended fibrous materials settle rap¬ 
idly. If held under favorable condi¬ 
tions, the wine next undergoes a series 
of changes which constitute the devel¬ 
opment incident to aging. 

Timely removal of the wine from the 
lees—^racking—not only aids in its clari¬ 
fication but also prevents the extraction 


and absorption of undesirable flavors, 
odors and nutrients from the deposit of 
yeasts. As the wine will continue to 
throw additional sediment, the racking 
must be repeated two or three times the 
first year and usually two times during 
the following year or years. In the 
racking other changes, such as the loss 
of carbon dioxide and the absorption of 
oxygen, occur, and these changes again 
inaugurate other reactions. 

Storage in wooden casks of moderate 
size facilitates the oxidation under con¬ 
ditions that foster normal development 
of the wine. There is a decrease in the 
fixed acidity resulting from deposition 
of acid tartrates and sometimes due to 
a fermentation of malic to lactic acid; 
a decrease in the tannins and coloring 
matter; and an increase in the alde¬ 
hydes, acetals and similar substances. 
Once the wine has attained its desired 
development in the wood, it is bottled. 
Binning of the bottled (Pig. 13) wine 
for a time is essential to further esterifi¬ 
cation and the attainment of a delicate 
and characteristic bouquet. The proper 
balance of cask and bottle aging must 
be determined for each wine. For ex¬ 
ample, French Burgundy is aged in the 
wood for a number of years and in the 
bottle only one to two years, while the 
reverse is true of French claret. 

The period required for aging de¬ 
pends on the type of wine, the nature 
and extent of the aeration, the size and 
kind of storage container, and the stor¬ 
age temperature. A wine of high ex¬ 
tract and tannin content will age slowly 
in comparison with a light wine of low 
tannin content. With small casks and 
frequent racking, there is an increase in 
the absorption of oxygen, and aging is 
more rapid. Over-aeration will result 
in the absorption of so much oxygen 
that the wine will taste flat, and if such 
a condition prevails for a long period 
the wine will take on an oxidized taste 
or may spoil. Table wines develop most 
favorably when stored at temperatures 
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between 50° and 60° F. For dessert 
wines the temperature may be some¬ 
what higher. 

Although table wines of low quality 
profit but little by aging, since fresh¬ 
ness and fruitiness are their greatest 
assets, aging is of utmost importance 
for high-quality wines of all types. It 
is the only means whereby the poten¬ 
tialities of such wines can be brought to 
their full fruition. Dessert wines of 
all degrees of quality must be aged in 


action these agents cause the suspended 
particles to coagulate and settle. The 
proper fining agent must be selected so 
that the quality of the wine will not be 
impaired by its action. All such agents 
take something out of the wine, but 
their action is different, hence the need 
for fitting the agent to the particular 
wine to be fined. 

Filtration is a supplement to racking 
or fining. It is used when the sus¬ 
pended materials fail to settle, or it may 



Fig. 11. Moderate-sized oak casks for the aging of quality wines. (Courtesy of the Wine 
Institute,) 


order to ameliorate the grape spirits 
with the wine and produce a reasonably 
smooth product. 

Clarification. Well-balanced, sound 
wines usually clear themselves perfectly 
during normal aging. This may not be 
true of less well-balanced products. 
The latter require aids to assist the 
clarification, such as fining and filtration. 

In fining, an agent such as gelatin, 
isinglass, casein or bentonite is added to 
the wine. By either combining chem¬ 
ically with the colloids or by physical 


be used in conjunction with fining to 
facilitate the development of ordinary 
bulk w’ines for early market. Most 
wines are given a polishing filtration to 
remove all suspended substances during 
the process of bottling. 

Wine By-Products, Grape spirits, 
pomace and cream of tartar are the 
principal by-products in wine produc¬ 
tion. Of these,.grape spirits, obtained 
from the pomace or lees, is the most 
widely recovered by-product. Its re¬ 
covery may be effected by direct distil- 
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lation of these materials or by washiiif?, tain some sujrar, a small amount of al- 
displaeement or pressing and subsequent eohol, or neither, aeeording to the type 
distillation. of wine that is being produced and the 



Fio. 12. Huge redwood tank.s for the aging of standard wines. {Courieay of the Wine 
Institute,) 

The pomace constitutes I general operation of the fermentation 

the weight of the grapes. It may con- room. The bulk of the pomace is skin 






Fig. 13. Plm'ing bottled wine in bins. High quality wines must be given some time for aging 
in the bottle if they are to attain their highest development. {Courtesy of the Wine Institute.) 
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and seeds; on a dry basis, the skins con¬ 
tribute about 25 per cent of the weight 
and the seeds 60 per cent. 

Fresh pomace contains from 35 to 70 
per cent of water and when dry 1^ to 
per cent of nitrogen, about ^ per 
cent of phosphorus, and li to per 
cent of potassium. On the basis of its 
nitrogen content, pomace has a value of 
about $3.00 per ton applied to the land. 
As feed it is of little value. Feeding 
trials with dairy cows have shown that 
pomace is decidedly low in total digesti¬ 
ble nutrients (probably influenced by its 
lignin content), high in fiber, low in 
protein and inferior to good roughage 
in feeding value. 

The oil of the seeds in the pomace is 
extracted in some countries. The con¬ 
tent of oil varies between varieties from 
about 5 up to 12 or 15 per cent of the 
dry weight of the seeds. The tannin 
content of the seeds has a similar status. 


It has value, but there has not been suf¬ 
ficient demand to justify the cost of 
extraction and purification in America. 

Cream of tartar became an important 
wine by-product during World War II. 
Previously the only tartrates of Ameri¬ 
can origin were those obtained by the 
natural separation occurring during the 
aging and cellar treatment of wine. 
Many of the wineries of Europe, how¬ 
ever, regularly saved all pomace and 
lees, and scraped their storage tanks to 
recover cream of tartar. To obtain the 
cream of tartar from pomace, the latter 
is thoroughly extracted with hot water, 
and the extract is treated with calcium 
chloride to bring about precipitatibn. 
The recovery of tartrate from stillage 
can be fitted into a system, for the dis¬ 
posal of this highly putrescible mate¬ 
rial; the fining, settling and the pre¬ 
cipitation of the tartrates should be the 
first steps in the disposal system. 


Utilization Abstract 


Flax. The term ‘^liiien” includes all yarns 
spun and fabrics woven from flax fiber; flax 
is the raw material, linen the manufactured 
product. Egyptian ‘^mummies 5,000 years 
old have been found wrapped in linen so 
fine that it could not be duplicated today . . . 
The Swiss Lake Dwellers used linen, and in 
later times the Roman armies used linen rope 
for bridges as well as for fabrics” . . . 

While nearly all European countries do 
or did produce flax to some extent, Russia is 
the world's greatest producer of it, with four 
to six million acres devoted to the crop. 
Argentine has had up to four million acres; 
Canada up to two million; and Ireland, 
Belgium, Japan, Holland and France, 200,000 
acres each. Most of this acreage outside 
Europe is devoted to growing seed flax, the 
shorter-stalked, more branching variety. This 
applies also to the United States where in 
1947, 4,026,000 acres were harvested, of 
which, 1,373,000 were in Minnesota. Min¬ 
nesota and the Dakotas accounted for 85% 


of all the flax raised in the U. S., and other 
States with more than 100,000 acres were 
Kansas, California and Montana. The larg¬ 
est acreage of flax ever gathered in the U. S. 
was in 1943 when 5,847,000 acres were har¬ 
vested, yielding about 52 million bushels of 
seed worth about $150 million. The 1947 
U. S. crop was approximately 40 million 
bushels, worth about $300 million. One third 
of that was a cash crop in Minnesota. 

Except for the relatively small portions of 
these annual harvests of seeds used the suc- 
peeding years for reseeding, the harvests have 
been utilized in producing linseed oil, so vital 
in the linoleum, paint and allied industries; 
and the enormous quantities of flax stalks 
left over have until recent years been a waste 
product to be burned or otherwise disposed 
of. This wasteful situation has been corrected 
by the manufacture of rugs, cigarette paper, 
currency, airmail paper and envelopes, and 
Bible paper from the stalks. (P. R, Moore, 
Chemurgic Digest 7(4): 15. 1948). 



Essential Oils —A Brief Survey of their 
Chemistry and Production 
in the United States 

Essential oils can be produced in this country, but 
extensive investigations and careful planning are of 
prime importance. 

A. J. HAAGEN-SMIT 
California Institnte of Technology 


Introduction 

The essential oil industry occupies a 
very prominent position in our life. Al¬ 
most continually we are reminded in 
some way of its products, such as i^er- 
fumes and flavoring agents. The im¬ 
portance of these substances can hardly 
be overestimated, and in the past, wars 
have been fought to obtain sources of and 
markets for the essential oils. While at 
the present time other oils have the 
doubtful lionor of being fought about, 
the past few years have made us feel 
again how dependent ovir civilization is 
on th(* use of (‘osmetics and flavoring 
agents. Due largely to historical rea¬ 
sons, the regions around the Mediter¬ 
ranean have long been the center of the 
industry, and only gradually have other 
countries decided to produce some of the 
oils themselves. Most of these foreign 
industries are working with low paid 
labor. Often farmers with their entire 
families, young and old, collect plant 
material for wages amounting to a few 
cents per day. Countries siK'li as the 
United States with much liigher mini¬ 
mum wages are therefore at a groat dis¬ 
advantage in the building up of similar 
industries of their own. If calling for 
taritfs, to balance somewhat the advan¬ 
tage of foreign cheap labor, is deemed 
undesirable, it is necessary to utilize all 
the s(*ientific and engineering knowledge 


available to overcome this handicap. In 
the following we shall point out some 
cases where against heavy odds, through 
basic studies of all phases of the problem, 
successful industries were founded. Be¬ 
fore doing this, however, it is necessary 
to outline briefly our present day knowl¬ 
edge in this field. 

Occurrence and Extraction of 
Essential Oils 

Occurrence, Microscopic examination 
of plants with characteristic odors show’s 
that distinct cells or spaces in the plants 
are filled with oily droplets which stain 
with fat dyes. There are, however, two 
great differences wdiich distinguish these 
oils from fatty oils: their characteristic 
odor and their volatility. Evidently the 
oil is the carrier of the ‘‘essence’’ of the 
plant, and the oils have therefore been 
referred to as ‘ ‘ essential oils ’ ’. 

In many cases the cells which contain 
the oils are epidermal cells or modifica¬ 
tions of these, such as excretion hairs, 
with the secretion product usually ac¬ 
cumulated between the cuticle and the 
rest of the cell w^all. A slight touch is 
sufficient to break this thin outer mem¬ 
brane and to release the oil with its 
typical smell. In other cases the oil is 
lodged in internal glands which are dis¬ 
tributed throughout the plant and which 
have been formed by deposition of the 
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oils between the walls of the cells and by 
dissolution of the surrounding cells (4). 

If the essential oils are contained in 
easily ruptured cells of the epidermis, 
simple pressing, as is practiced on a large 
scale in the lemon and orange oil indus¬ 
try, will release the oil. Plants contain¬ 
ing the oil in cells distributed throughout 
the plant, the walls of which are often 
reinforced with cork, need grinding and 
cutting before the oil can be released. 

In some cases the volatile products are 
not present originally in the plant ma¬ 
terial but are formed by hydrolysis from 
glucosides. Upon grinding the cells, en¬ 
zymes are set free to split off the volatile 
products, such as methyl salicylate and 
benzaldehyde, which are, respectively, 
the main eoiistitiients of wiiitergreen oil 
and peach kernel oil. 

Steam Distillation. The method most 
frequently used to separate the volatile 
oil from the plant is steam distillation. 
The distillation is carried out in a still 
consisting of a metal or wooden retort 
or vat, a condenser and a receiver. In 
its simplest form the method consists of 
packing the ground or cut material to¬ 
gether with some added water into a still, 
heating the outside of the still and con¬ 
densing the vapors evolved. These prim¬ 
itive methods are still used in many 
countries, but in the more modern meth¬ 
ods the water necessary for carrying over 
the oil is produced in separate genera¬ 
tors, and the steam is blown through the 
plant material which has been packed in 
the still. The steam heats the plant ma¬ 
terial and volatilizes the oil, and steam 
and oil vapors together are condensed 
and collected in a small receiving flask 
where the oil separates and forms in most 
cases a'layer on top of the water. The 
water is released from an opening at the 
bottom of the receiver through a bent 
tube, the outlet of which is on a level 
with the top of the oil layer. In this way 
the distilled water flows from the receiv¬ 
ing vessel as it enters the condenser, 


while the oil layer remains in the flask 
and steadily increases in volume until 
the plant material has become exhausted, 
usually within two hours. This method 
is applied in the United States to the 
production of oils of turpentine (from 
resin of Finns palustris mostly), pepper¬ 
mint (from leaves of Mentha piperita), 
eueaU^ptus (from leaves of Eucalyptus 
sp.), cedar (from heart wood of Juni- 
perus virginiana), erigeron (from entire 
plant of Erigeron canadensis), witch- 
hazel (from the young branches of Hani- 
amelis virginiana), wormwood (from en¬ 
tire plants of Artemisia Absinthium) and 
lemon grass (from leaves of Cymhopogon 
e it rat us ). 

The advantage of the steam distillation 
method lies in its lower temperature at 
which the oil components distil as com¬ 
pared to distillation without water. For 
example, in th(‘ distillation of oil of tur¬ 
pentine the main constituent, a-pinene, 
boils at C. at atmospheric 

pressure but distills over at 96® C. upon 
.steam distillation. 

Sievers (13) described in detail a still 
which can be used for the commerieal 
distillation and pilot experimentation of 
a few acres of essential oil plants. For 
those who have only a small plot of ess(*n- 
tial oil plants and who want to have the 
pleasure of distilling their own oil, a still 
(*an be constnuded at small expeiise from 
a ten-gallon milk can, a metal tube for 
condenser, a smaller can for developing 
steam and a decanting bottle connected 
as in Fig. 1. 

Enfleurage and Solvents. When 
flowers are subjected to steam distillation 
considerable destruction of their odor¬ 
iferous principles takes place. In such 
ease extraction with fat, or preferably 
with low boiling solvents like petroleum 
ether and benzene, is used. 

In a number of (*ases neither steam 
distillation nor extraction will give a 
satisfactory yield of oil because the vola¬ 
tile material is produced while the plant 
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is livin^i: and only small amounts are 
stored in the plant tissue. This is, for 
example, the case with the odors of tu¬ 
berose (PoUanthes tuherosa) and jasmin 
{Jasmimcm spp.). We must j?ive the 
flower the opportunity to continue to 
live and excrete its odoriferous compo¬ 
nents in order that we may collect them. 
The perfume industry in southern 
France solved this problem by using 
the property of fats to absorb the fra¬ 
grant substances. This so-called ^‘en- 


is then extracted from the fat by means 
of alcohol in which the fat is insoluble. 
Subsequent concentration of the alco¬ 
holic extract gives one of the most ex¬ 
pensive products of perfume manufac¬ 
ture. 

Chemical Composition of 
Essential Oils 

By definition the essential oils are vol¬ 
atile products obtained from plants. Tt 
is clear from such a definition that this 



Fig. 1. Diagram of a simple distillation apparatus for home extraction of cssemtial oils from 
plant material. 


fleurage process” is carried out in the 
following manner. 

(Bass plates, two or three feet scpiare 
in wooden frames, are covered on both 
sides with purified tallow or lard; on 
this the flowers are spread. Large stacks 
of these plates are piled one upon the 
other about two inehes apart. The flow¬ 
ers are left for one or two days com¬ 
pletely surrounded by the fat, and are 
then replaced by new ones. The fra¬ 
grant substances from several dozen 
successive layers of flowers are absorbed 
by the fat, and the fragrant principle 


group will harbor a large number of 
substances of totally different chemical 
structure. However, the ree|uirement 
that the compound be volatile limits 
the possibilities considerably. Because 
of this limitation we must look for mem¬ 
bers of this grou}) among compounds of 
a boiling point not much higher than 
300° C., which means that the number of 
carbon atoms in these compounds rarely 
exceeds twenty. This excludes fats, 
sterols and other higher molecular fat- 
soluble materials. The eompoiinds can 
not be too highly hydroxylated, thereby 
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excluding sugars, glycosides and carbo¬ 
hydrates. Strongly ionized compounds, 
namely, salts, strong acids and strong 
bases, are not found among the com¬ 
ponents of the oils. However, within 
these limits set by the definition the 
variety of compounds is still very large, 
including substances which belong to a 
great number of classes of organic com¬ 
pounds: aliphatic and olefinic hydro¬ 
carbons with their derivatives containing 
oxygen, nitrogen and sometimes sulfur; 
aldehydes; ketones; alcohols; acids; 
esters; lactones; amines; mercaptans. 
Many of them have ring systems contain¬ 
ing usually five or six carbon atoms in 
the ring; other compounds have one of 
these ring carbon atoms replaced by a 
nitrogen or by an oxygen atom. 

It is not practical to classify this wide 
variety of substances according to their 
chemical characteristics. However, one 
can classify them on a biochemical basis 
by grouping them as compounds which 
are related through their biosynthesis. 
In this way compounds composed of a 
straight chain of carbon atoms, regard¬ 
less of their oxidation state and there¬ 
fore including alcohols, aldehydes, ke¬ 
tones, esters and acids, are discussed 
together. 

We find hydrocarbons as low as hep¬ 
tane in Piiius Jeffre.yi, for instance, the 
oil consisting nearly w^holly of this com¬ 
pound and thereby closely resembling 
normal gasoline. Other turpentines con¬ 
tain nonane and undecanc, and there arc 
oils wherein small amounts of higher 
hydrocarbons have crystallized out. 
These precipitates are known as “stear- 
optenes”, and some of these contain 
molecules with as many as 29 carbon 
atoms and 60 hydrogen atoms. Alcohols, 
aldehydes, acids and their derivatives 
of the straight chain type are widely 
distributed, especially in fruit flavors. 
Interesting members of this group are 
leaf alcohol and its aldehyde (Fig. 2, 
I & II). Homologues of these alcohols 


and aldehydes are the major constitu¬ 
ents of cucumber oil which consists 
largely of nonadiene-2,6-ol-l (Fig. 2, 

III) with some of the corresponding 
aldehyde. 

Another large group, containing car¬ 
bon atoms with a benzene ring, are im¬ 
portant in the perfume and flavor indus¬ 
tries. Representatives of this group are 
to be found in the oxygen derivatives of 
benzene, such as benzaldehyde (Fig. 2, 

IV) , the main component of bitter 
almond oil (Prumis Amygdalus var. 
amara) and vanillin (Fig. 2) the aro¬ 
matic principle of vanilla beans (Vanilla 
spp.). A large subgroup contains a ben¬ 
zene ring substituted with a straight 
chain of three carbon atoms, mostly a 
propenyl chain. Representatives are 
found in oil of cloves (Eugenia caryo- 
phyllata) and sassafras oil (Sassafras 
albidum) which contain, respectively, 
eugenol (Fig. 2, VI) and safrole (Fig. 2, 
VII). 

In the third group we can place about 
500 compounds which have as element¬ 
ary building units a branched Cr. chain. 
To this group belong the terpenes which 
are so characteristic for a number of 
essential oils, such as turpentine and 
peppermint. In the last category we must 
group all those compounds which do not 
find a place in the other three groups. 
These are the mercaptans and thio 
ethers, which arc heterocyclic compounds 
containing nitrogen as well as oxygen 
in the ring. Examples are found in the 
occurrence of indole (Fig. 2, VIll) in 
several flower oils. Asafetida, the gum 
resin of Ferula assafoetida which has 
been the notorious ingredient of many 
hi.storical recipes, contains an allyl sec¬ 
ondary butyl disulfide (Fig. 2, IX). 

The terpene group is certainly the 
most typical of the essential oil compo¬ 
nents, and for a through understanding 
of the essential oil problems it is neces¬ 
sary to describe more fully their chemi¬ 
cal structure. The molecules of a large 
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Fig. 2. Formulae of some organic compounds associated with essential oils. 
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number of terpenes are composed of a carbon skeletons of the dilferent groups, 
multiple of 5-carbon atoms, and have the from hemiterpenes to polyterpenes, with 
formula (CsHglu in which n might be their names are listed in Fig. 2. The 
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Fig. 3. Formulae of some organic compounds associated with essential oils. 


1, 2, 3, 4, 6, 8 and even 500-2,0002 as in earbon atoms are arran^red in the pat- 
the polyterpenes such as rubber. The tern of an unsaturated branched chain 
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composed of identical units of five car¬ 
bon atoms. The most important group 
in the volatile oils is the ('m ^roup, in 
which we usually have a so-called head- 
to-tail union of these Cs units. That is, 
carbon 4 is united with the carbon 1 
from another Cr, chain, forming a chain 
of eight carbon atoms with two methyl 
groups braiK'hing from the main chain 
(Pig. 3, X). 

Hydrocarbons of this type occur in 
few oils; more frecpient are the oxygen 
derivatives. Some of the most valuable 
perfume ingredients belong to this 
group. The struidure of geraniol, a 
component of rose oil; linalool, present 
as acetate in lavender oil; and citral, 
the main (constituent of lemon grass oil, 
are also presented (Pig. 3, XI-XIll). 
Apart from the oxygen present in all 
three compounds, the presence of the 
double bonds should be noted. Th(»se 
double bonds are an indication of the 
unsaturated and therefore reactive char¬ 
acter of these substances. Due to this 
reactivity the (carbon atoms in a mole¬ 
cule might give rise to additional link¬ 
ages with the formation of mono- and 
bi- (cyclic ring systems. Many of these 
ring compounds occur in nature, al¬ 
though at pn^sent it is not known 
whether this ring cl(3siire takers place 
during the synthesis or secondarily after 
the open chain has been formed. Liino- 
nene (Pig. 3, XIV), containing one car¬ 
bon ring, is a most (‘onimon compoiKuit 
of (essential oils, and is a major constitu¬ 
ent of orang(‘ and lemon oils. An alco¬ 
hol of the same grouping is nuuithol 
(Pig. 3, XVI), present in peppermint 
oil. A pluMiol, thymol (Pig. 3, XVII), 
with strong disinfecting action is present 
in thyme oil. If two more carbon atoms 
are interlinked in the molecule we ob¬ 
tain compounds with two rings. Ont' 
of these bicyclie types, (x-pinene (Pig. 3, 
XVI11), is found as the major (compo¬ 
nent of (commercial turpentine and is 
(3ne of the most widely distributed ter- 


penes. Other representatives contain¬ 
ing two rings are camphor (Pig. 3, 
XIX), present in the oil of (Jinnamo- 
mum camphora and many other oils, and 
umbellulone (Pig. 3, XX), the active 
principle of California bay oil (Umhel- 
lularia californica) which causes a se¬ 
vere headache within a few se(c.onds of 
inhalation, due to a sudden rise in blood 
pressure. 

The next class of terpene compounds 
contains three units and arc called 
‘^sesquiterpenes”, since they contain one 
and one half times as many carbon 
atoms as the monotcrpenes. The sesqui¬ 
terpene group is less volatile than are 
the monoter])cnes and is to be found 
among the higlier-boiling fractions of 
the essential oils. One of the most val¬ 
uable of the ses(j[uiterpenes is an alcohol, 
fanmsol (Pig. ‘2, XXII), which is built 
like geraniol but (‘ontains one more five- 
carbon group. It has, like geraniol, a 
flowery smell, whi(ch is, however, not so 
intense, and more closely resembles lily- 
of-the-valley. The addition of five car¬ 
bon atoms increases the possible number 
of isomers whi(*h makes the study of 
these compounds considerably more dif¬ 
ficult. Nevertheless the chemical workers 
(‘ould establish ivgularities in molecular 
structure similar to tlmse found in the 
terpene seri(^s. Here, too, an interlink¬ 
ing of the carbon atoms is frequently 
seen, and as a consequence, the occur- 
nuice of cyclic derivatives. In this 
group belong the compounds which give 
to some oils, sucli as chamomile {Mairi- 
caria ChamoiuilJa), spike {Lavandula 
latifolia) and camphor (Cinuaniomuni 
Camphora), their blue or green color. 
These colors are not, as was formerly 
supposed, due to the copper content orig¬ 
inating in the stills, but to intensely 
blue hydrocarbons called “azulenes” 
with the formula (\:,Hi8. It is interest¬ 
ing to note that similar compounds are 
formed upon cutting some mushrooms. 
In general, this group of sesquiterpenes 
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does not have the strong and characteris¬ 
tic odor of the more volatile monoterpene 
group. However, the Cis compounds 
play an important role in preventing 
the more characteristic smelling, lower 
boiling components from evaporating too 
fast, and they therefore act as natural 
fixatives. On the other hand, eases are 
known, as for example in cedarwood oil, 
where the sesquiterpene itself is respon- 



Torreyana. 

sible for the typical and highly valued 
odor. 

The next group of compounds con¬ 
taining four Cg units we find in small 
quantities in the highest boiling frac¬ 
tions of the essential oils. Because of 
the high boiling point of the oxygen 
derivatives, these are not found in the 
volatile parts of the oils but are present 
as rosins and kopals in the residues of 
the turpentine distillation. 


Even less volatile are higher members 
of the terpenes. These are therefore 
not of immediate importance to the es¬ 
sential oil industry but are mentioned 
to round off the total picture of this 
group of biochemically related com¬ 
pounds. 

Moletiules containing 30 carbon atoms 
built along the same principles as the 
terpenes arc found among the saponins. 
Many drugs, such as sarsaparilla from 
the dried roots of Sniilax aristolochiae- 
folia and 8. Regelii, owe their i)harma- 
cological and detergent action to the 
presence of these compounds. Still 
higher isoprene homologues are found 
in the group of earotinoids (C40), the 
red and yellow plant pigments. The 
terpeiie series is closed with the polyter- 
peiies which contain up to thousands of 
Cg units. In this group belong the na¬ 
turally oecuring rubbers. 

In the chemical study of the oils, 
steam distillation is usually followed by 
a fractionation process whi(*Ii separates 
the oil components a(*-cording to their 
boiling points. To obtain quickly an 
idea of the composition of an oil, we can 
represent the fractionation data in a 
graph, such as Fig. 4, where the ordinate 
represents the percentage of oil distil¬ 
ling over at an interval of one degree. 
As illustration of such a fractionation, 
the results of a systematic study on the 
composition of the turpentines of the 
genus Pinus, undertaken by N. Mirov 
and the author, were selected. It has 
been shown that most turpentines are 
rich in a-pinene (Fig. 3, XVIII). There 
are, however, oils which differ radically 
from the usual pattern. In some cases, 
as was mentioned earlier, we find that 
the oil consists of nearly pure normal 
heptane. The Torrey pine turpentine, 
as seen from Fig. 4, consists of a mix¬ 
ture of the two major groups—straight 
chain hydrocarbons and terpenes. In 
the first place we notice the monoter¬ 
pene, limonene (Fig. 3, XIV), and the 
sesquiterpene, longifolene, and superim- 
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posed on these are the straight chain 
hydrocarbons, nonane, undecane and 
their oxygen derivatives, decyl and 
lauryl aldehydes. 

An example illustrating a different 
combination of major groups, the simul¬ 
taneous occurrence of the terpenes and 
the benzene derivatives, is seen in the 
analysis of California bay oil {Umhellu- 
laria califor7iica). The main constitu¬ 
ents are the terpenes umbcllulone (Fig. 
3, XX) and cineole (Fig. 3, XXI). 
The benzene group is represented by 
safrole (Fig. 2, VI1) and by a methyl 
derivative of eiigenol (Fig. 2, Vi). 

Conversions of Oil Components 

Knowledge of the (diemical composi¬ 
tion of essential oils is of importance for 
judging the possibilities in new oil proj¬ 
ects as well as in cstablish(*d ones. The 
(diemist is able to convert many oil com¬ 
ponents into other (compounds which 
may have greater commercial applica¬ 
tion. Interesting examples are found 
ill the conversion of the terjiene alcohol 
geraniol (Fig. 3, XT) into linalool (Fig. 
3, XII), and vice versa. Both eom- 
pounds are valuable iierfume constitu¬ 
ents, and, depending on market condi¬ 
tions, the reaction can be conducted in 
such a way that geraniol is converted 
into linalool which finds use as acetate 
in lavender composition, or linalool may 
be converted into geraniol and its esters 
which are used to impart a rose note to 
many floral (*,ompositions. 

Oils containing citral (Fig. 3, Xlll) 
derive a great deal of their importance 
from the versatility of this aldehyde. 
It is possible to prepare from this lemon 
smelling substance rose-like geraniol 
(Fig. 3, XI), while by addition of ace¬ 
tone (Fig. 3, XXIIT), ionone (Fig. 3, 
XXIV), which smells like violets, can 
be formed. Other examples are the large 
scale conversion of a-pinene (Fig. 3, 
XVITl) from pine oils into camphor 


(Fig. 3, XIX), and the oxidative degra¬ 
dation of eugenol (Fig. 2, VI) from oil 
of cloves to vanillin (Fig. 2, V). 

One of the most common terpenes, 
limonene (Fig. 3, XIV), abundantly 
available in lemon and orange oils, has 
often been studied from this point of 
view. Desirable conversion products are 
thymol (Fig. 3, XVII) and its hydro¬ 
genation product, menthol (Fig.3, XVI). 
Both substances can be made from limo¬ 
nene, but also from other sources, such 
as umbellulone (Fig. 3, XX) from bay 
oil and a-pinene (Fig. 3, XVIII) from 
turpentine, and time will show whether 
these processes are commercially profit¬ 
able. More recently special attention 
has been paid to converting the cheaper 
oil constituents into polymerization 
products to serve as plasticizers, plastics, 
etc. 

Variations in Composition of the Oils 

It is fortunate that the composition 
of any type of oil varies to a large de¬ 
gree and that the variations can be 
brought about by different agricultural 
and climatic conditions and through the 
use of related speines and hybrids. 
Through the ])roper choice of these con¬ 
ditions and of plant material it is there¬ 
fore possible to grow plants which con¬ 
tain the most valuable oil in the highest 
percentage. 

An excellent example of such an in¬ 
vestigation to establish the optimum 
commercial opportunities for a given 
type of oil has been carried out by Pen¬ 
fold and Morrison (5) in Australia. 
Due to the abundance of the species of 
Eucalyptus, a great deal of effor^ has 
been made in the study of this genus 
of the family Myrtaceae. This investiga¬ 
tion was not limited to the analysis of the 
most common species. On the contrary, 
of the 500 species and 150 varied forms, 
the oils from about 200 species were 
investigated. 
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The results of these chemical studies 
showed that the oils contain a variety 
of components, 50 of which have been 
well characterized. On the basis of these 
findings the Eucalyptus oils have been 
classified into three groups: 

I. Oils containing cineole (Fig. 3, 
XXI), used for inhaling in the treat¬ 
ment of colds. 

II. Oils containing a large percen¬ 
tage of phellandrene (Fig. 3, XV) and 
less than 70% cineole. These oils are 
used mostly for their solvent properties, 
as in cleaning solvents and insect sprays. 

III. Oils containing a large percen¬ 
tage of terpenes of the acyclic type, such 
as citral (Fig. 3, Xlll), its reduction 
product citronellal and the acetic acid 
ester of geraniol (Fig. 3, XI). Their 
low content of the camphor- and mint¬ 
like smelling substances of the Eucalyp¬ 
tus in groups 1 and 11 makes this oil 
valuable to the perfume industry. 

Studies on the influence of climate 
and soil upon the formation of essen¬ 
tial oils in plants were also made. Also 
studied was oil formation in the differ¬ 
ent stages of development of the plant. 
In general, it has been shown that the 
highest production of oil occurs during 
intensive growth. The composition of 
the oils, too, is subject to different 
growth conditions, as was shown by the 
Australian work on the oil of young 
Eucalyptus leaves. Some compounds 
in these oils, such as the terpene hydro¬ 
carbon phellandrene, may appear dur¬ 
ing spring and summer only to disap¬ 
pear completely towards winter when 
oxidation products take its place. 

Tn®;hese studies the interesting obser¬ 
vation was made that morphologically 
identical trees contain greatly different 
oils. A systematic survey of the oils 
from individual trees showed that four 
entirely different compositions could be 
found. How widely different these com¬ 
positions are can be seen from the fol¬ 
lowing tabulation cited from Guenther’s 


monograph on Australian eucalyptus 
oil (5) : 

E. dives Type contains about 50 per 
cent piperitone, no cine¬ 
ole and almost 40 per 
cent phellandrene. 

E. dives var. ^‘A” contains about 5 
per cent piperitone, no 
cineole and about 75 to 
80 per cent phellan¬ 
drene. 

E. dives var. “B” contains 10 to 20 
per cent piperitone, 25 
to 45 per cent cineole 
and a quantity of phel¬ 
landrene. 

E. dives var.‘‘C” contains less than 
5 per cent piperitone, 60 
to 75 per cent cineole 
and no phellandrene. 

Especially interesting is the differ¬ 
ence between the oils of varieties “A” 
and One is a good industrial sol¬ 

vent, while the other, on account of its 
high cineole content and the absence of 
phellandrene, qualifies as a medicinal 
oil. This knowledge is of great impor¬ 
tance for the collecting of the oil, since 
proper selection of the trees makes for 
greater homogeneity in the product. 
Similar findings were made in the spe¬ 
cies Eucalyptus radiata and E, Austra- 
liana. 

That such a biochemical difference 
between trees which arc indistinguish¬ 
able by morphological characteristics is 
more common, can be seen from our 
studies of the compositions of the oleo- 
reslns collected from Pinus ivashocnsis. 
The trees were growing close together 
on Mount Rose overlooking Lake Tahoe, 
and the morphological study of the trees 
left no doubt as to their identity. How¬ 
ever, some of the oils were laevo-, others, 
dextro- rotatory. Chemical analysis 
showed that some of the oils contained 
a large percentage of A'* carene, while 
this terpene was nearly absent from 
others and replaced by j8-pinene. 
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Lemon-Grass Oil in the 
United States 

In the United States the development 
of the lemon-grass industry shows a 
similar understanding of the basic prob¬ 
lems involved, and a great deal of 
thorough research was carried out be¬ 
fore large scale planting of the essen¬ 
tial oil-bearing plants was started (2, 3, 
10). It is interesting to review briefly 
its development because it shows clearly 
the difficulties that the essential oil in¬ 
dustries face in this country. 

To find year-round employment for 
agricultural workers, the United States 
Sugar Corporation and the U. S. Dept, 
of Agriculture in Florida were looking 
for a suitable enterprise. In 1934 culti¬ 
vation and distillation of lemon grass 
(Cynihopogon citratus) was selected as 
a promising possibility. To show one 
of the main difficulties of this project I 
quote Dr. Bourne: '‘A rather compre¬ 
hensive study of labor costs in foreign 
countries supplying the American mar¬ 
ket with duty-free oil was next made. 
With agricultural workers in the lemon 
grass industry receiving between 8 cents 
and 25 cents daily in these foreign coun¬ 
tries and then shipping the oil duty¬ 
free to America to compete with agricul¬ 
tural laborers in the area receiving a 
minimum of $1.60 daily wage plus hous¬ 
ing, medical assistance and several other 
perquisites, many innovations for sav¬ 
ing exce.ssive and expensive labor (»,osts 
were naturally sought to overcome this 
unfair competition'’. 

On experimental plots the amounts of 
potassium, phosphorus and nitrogen 
were determined with which the local 
soil would give a maximum yield in oil. 
In this way with the best fertiliz(T com¬ 
binations, in the period of June 8 to 
October 1 (1936), yields of 43 tons of 
green lemon grass per acre were ob¬ 
tained. The amount of lemon-grass oil 
per acre amounted to about 150 pounds. 
Studies were then made on planting, 


cultivation, harvesting, loading and 
transportation procedures. Harvesting 
machines were built which could harvest 
and load in baskets placed in each field 
wagon. At the processing plant these 
baskets are lifted and placed in the stills 
where steam removes the oil. In all of 
the operations the grass is never touched 
by hand. 

In 1939 the price of foreign oil f.o.b. 
New York was as low as 35 cents per 
pound. Even with the improvement in 
agricultural and processing methods 
commercial production at a profit was 
out of the question. Efforts were made 
to develop by-products. It was found 
that dehydrated lemon-grass pulp con¬ 
taining 35% cane molasses makes an ex¬ 
cellent feed for finishing beef cattle in 
Florida when supplemented with small 
quantities of a protein concentrate. 

In 1941 Dr. Bourne wrote; ‘‘In view 
of the successful by-product utilization, 
and the establishment of the industry on 
the basis of both oil and cattle feed, 
competition with foreign producers can 
now be fairly met. The industry has 
therefore been expanded considerably 
in order to supply American producers 
in this time of crisis with a secure source 
of fresh oil having a minimum of 75% 
citral content and also give the cattle 
men of Florida a reasonably priced feed 
product for finishing steers economi¬ 
cally”. 

How timely this lemon-grass project 
proved to be is showui by the fact that 
while in 1938 the imports of lemon-grass 
oil amounted to half a million pounds, 
during the war this continent alone was 
the main supplier through its planta¬ 
tions in Guatemala and in Florida. 
This enterprise was hailed as a real con¬ 
tribution to the independence of the 
United States in the raw materials of 
the oil industry and was praised for its 
founding on real business economics. 

In 1945 we find another article by Dr. 
Bourne. During the intervening period 
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the lemon grass industry went through 
a boom period, when in August, 1942, 
$4.35 per pound of oil was paid. But 
only six months later this price was re¬ 
duced to $1.15 per pound. In 1943 the 
price fell as low as $0.64 per pound. 
Notwithstanding all the ingenuity with 
which the lemon-grass industry was 
created, a loss was sustained during 
these years, due to the increased costs 
of labor and material. An industry is 
described which at its birth had some 
good fairies, such as the sugar industry 
and the U. S. Dept, of Agriculture, at 
its bedside. A great deal of ingenuity is 
shown overcoming all kinds of technical 
difficulties. Economically it fills a neces¬ 
sity in supplying year round employ¬ 
ment in conjunction with the sugar in¬ 
dustry. Nevertheless such an industry 
is fighting a losing battle. The scientist 
would do well to recognize that, when he 
has carried his task to perfection, the 
economic conditions will ultimately de¬ 
termine the viability of the enterprise. 

In a considerably better position are 
those oil industries which were created 
as outlets for by-products. In the 
United States we find an excellent ex¬ 
ample ‘Of this type in the utilization of 
the by-products of the citrus industry. 
In a review in this journal by Glen H. 
Joseph (11) it was pointed out that 
“Wisdom in planning with confidence, 
foresight and patience in research and de¬ 
velopment, converted a botanical wastage 
to a national industry doing an annual 
business of more than $125,000,000. Stu¬ 
dents of economic botany may wtII 
pause to review this example of chem- 
urgy as an illustration of the possibili¬ 
ties in their respective phases of this 
field'’. The hundreds of references to 
be found yearly in Chemical Abstracts 
testify to the tremendous volume of 
work that has been and is being done in 
this field. Although the citrus industry 
is primarily based on the consumption 
of the fruit as food, the research pro¬ 


gram has produced so many useful by¬ 
products, such as essential oils, pectins, 
pectates, citric acids, flavanone-gluco- 
sides, molasses and stock food meal, that 
the by-products now form a valuable 
part of the industry. 

Other essential oils produced as by¬ 
products of a main industry are cedar- 
wood oil and pine oils. The wood of the 
red cedar (Juniperus virgmiana) con¬ 
tains a volatile oil known as ‘ ‘ cedarwood 
oil". This oil is used extensively in the 
manufacture of perfumes, soaps and in¬ 
sect repellants. The oil is usually ob¬ 
tained commercially by distilling the 
sawdust and other wood wastes from 
the manufacture of cedarwood products. 

Oil of turj)entine constitutes the larg¬ 
est volume of oil produced in the United 
States. Its use as a solvent is well 
known. Important contributions to the 
conversion of the main components of 
the oleoresins from j)ine trees are con¬ 
tinuously appearing in publications 
from the U. S. Naval Stores and private 
companies, such as Dow Chemical. 

Conclusion 

While this review is largely devoted 
to successful introduction of the essen¬ 
tial oil industry into the United States, 
a long story could be written about the 
enterprises, small and large, which had 
to be abandoned, it is therefore fitting 
that a review written by Dr. Sievers of 
the U. S. Dept, of Agriculture (13) 
concludes its informative chapter on ex¬ 
traction of volatile oils from plant mate¬ 
rial by warning of the many pitfalls 
over optimism and lack of knowledge. 
The necessity of conducting small scale 
experiments is stressed before undertak¬ 
ing extensive operations when planting 
in a new region is planned. Thorough 
calculation of costs and correct ap¬ 
praisals of marketing conditions must 
be carried out. The fluctuating market 
value of the oils is determined not only 
by economic condition but also by varia- 
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tions in the quality of the oils. These 
variations might be due to unsuitable 
soil and climatic conditions, or improp¬ 
erly conducted extraction of the oils. 
Lower grade oils can be sold only at 
considerably lower prices, and carefully 
balanced cost estimates are upset. 
Studies have to be made on the possi¬ 
bility of by-products which sometimes 
make it possible to make some profit. 
Nevertheless one should realize that 
other industries often produce similar 
])roducts, and here, too, a cold-blooded, 
sound, business calculation is better than 
a disappointment after losing an invest¬ 
ment. 

With these reservations constantly in 
mind it is safe to look at the other side 
of the medal and enjoy the activities of 
many workers in this field published in 
f/hemical Digest, Reports of Oil and 
Drug Conferences, and in this journal. 
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Utilization Abstract 


Newsprint from Wheat Straw. “An 

event that may prove to be one of the 
greatest achievements in the history of chem- 
urgy occurred recently when newsprint paper 
was manufactured for the first time in a 
commercial mill \\dth wheat straw as its en¬ 
tire basic raw material”. 

This was accomplished by a process devel¬ 
oped by The Kinsley Chemical Company of 
Cleveland, Ohio, and Avas carried out in Sep¬ 


tember, 1948, at the Chemical Paper Manu¬ 
facturing Company of Holyoke, Massachu¬ 
setts. The expected greater utilization of 
farm residues resulting from this develop¬ 
ment should contribute much to relieving the 
present great demand for wood pulp in man¬ 
ufacturing the 21 million tons of paper pro¬ 
duced annually in the United States. Chem¬ 
urgic Digest 7(10): -i. 194S), 



The Importance of Plant Classification in Hevea 

More than 40 years work with one species of Hevea 
has resulted in great improvement in yield. An organ¬ 
ized effort is now being made to select from numerous 
wild species living material offering new characters 
for disease-resistance and increase in yield. 

RICHARD EVANS SCHULTES* 


Introduction 

Whenever a plant-utilizing industry 
is built upon a fragmentary understand¬ 
ing of the quality, potentialities and lim¬ 
itations of wild plant materials which 
could be made available to it from na¬ 
ture, then only a limited utilization of 
wild stock results and the progress which 
might otherwise be effectuated never ma¬ 
terializes. Such is the situation in the 
rubber industry. 

Hevea is one of the most recently do¬ 
mesticated of economic plants. Phenom¬ 
enal improvements in strains of one spe¬ 
cies in it have been made during the last 
fifty years, but we may justifiably expect 
a fuller understanding of Hevea in its 
wild state to open up avenues of better¬ 
ment and diversification which would 
astonish the scientific and commercial 
world. Studies and utilization of wild 
progenitors in cotton, sugar, potatoes, 
cereals and many other amient culti¬ 
vated plants have produced improve¬ 
ments in these crops, and comparable 
improvement might be achieved in Hevea 
through greater knowledge of all species 
in the genus and use of them in hybridi¬ 
zation. Few of the specific and sub¬ 
specific variants of Hevea have entered 
into the programme of the extensive rub¬ 
ber plantation industry which is based 

* Agent (Botcinist), Rubber Plant Investiga¬ 
tions, Bureau of Plant Industry, Soils and Ag¬ 
ricultural Engineering, Agricultural Research 
Administration, TJ. S. Department of Agricul¬ 
ture; Research Fellow, Harvard Botanical Mu¬ 
seum. 


almost exclusively on material of H, 
hrasilienais originally from one small 
area—the Rio Tapajoz—of the vast 
Amazon Valley. 

As a result of the short period—sev¬ 
enty years—of domestication of Hevea, 
the difficulty of travel where Hevea is 
native, and unavailability, until recently, 
of funds commensurate with the task of 
adequate exploration, we still lack in¬ 
tensive field studies upon which a defini¬ 
tive classification of the genus may be 
made. 

Plant classification—or taxonomy—is 
a science. Many people, even today, do 
not understand its scope nor appreciate 
its aims. It has two general phases, the 
academic or theoreti(*al, and the practi¬ 
cal or applied. There never can be a 
sharp boundary between pure and ap¬ 
plied science; the one is as important as 
the other to a scientist, even though one 
])hase may interest him more than the 
ether. While the numerous academic 
problems in Hevea, which only a taxo¬ 
nomic and phylogenetic study can solve, 
are of profound interest, 1 shall discuss 
in this brief article merely the practical 
value of taxonomy to a dollar-and-cents- 
conscious industry. 

History, Distribution, 
Characteristics 

Hevea is a genus belonging to the 
Euphorbiaceae, a world-wide family 
comprising some 7,000 species. Hevea 
leads all other genera in this economic- 
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ally important family both from the 
point of view of financial investment and 
from that of influence on human prog¬ 
ress. Native to South America and there 
confined to the Amazon Valley and sev¬ 
eral contiguous regions, Hevea inhabits 
an area three (piartors the size of the 
United States. 

Its taxonomic history began in 1775 
when the French botanist, Aublet, de¬ 
scribed the genus from French Guiana. 
He called the type species Hevea guian- 
ensis. Knowledge of the genus advanced 
with painful slowness, however, until the 
field work of that most sacrificing of ex¬ 
plorers, the Englishman Richard Spruce, 
whose collections from the Rio Negro of 
Brazil, made in 1852-53, provided the 
material for the description of eight ad¬ 
ditional species. The earliest synopsis 
of Hevea was published in 1873-74 by 
Mueller who recognized 11 species. Hu¬ 
ber, working along the Amazon in Belem 
do Para at about the turn of the century, 
greatly augmented the number of con¬ 
cepts until there were held to be 24 spe¬ 
cies. Later Pax (dassified the genus into 
17 undoubted species. The most recent 
treatment is that of Adolpho Du(*ke who, 
after nearly half a century of field inves¬ 
tigations, recognizes 12 species and nu¬ 
merous varieties and forms. 

Although a relatively small genus. He- 
vca shows a most remarkable range of 
variation in the wild. Probably geo¬ 
logically a young genus still in a state of 
evolutionary flux, its (dassification often 
poses exasperatingly complex problems. 
There are a great number of subspecific 
variations, many of them biologically 
.stabilized and with definite geographical 
correlations, others mere responses to 
environmental conditions. By intensive 
study of large populations in the wild 
state we may hope to gain a clear insight 
into the significance of variation in He¬ 
vea. Since cultivation often tends to in¬ 
duce additional and artificial variation, 
the only method is to track Hevea down 


in its native haunts. This must be done 
if we are to take advantage of the wide 
natural range of variability. 

The rubber of Hevea guianensis and of 
H. guianefisis var. lutea is often weak 
and of limited commercial application, 
but both the species and the variety show 
a most extraordinary range of variation. 
If fully understood taxonomically, these 
concepts might prove of unexpected sig¬ 
nificance in breeding work. They are 
jungle giants and prefer well drained 



Fig. 1. Tbo earliest fundamental investiga¬ 
tions on the species of Hevea were carried out 
in the Rio Negro area of Brazil by that most 
self-sacrificing of explorers, the Yorkshireman 
Richard Spruce. (Drawn by Gordon W. Dillon 
from an old photograph preserved in the Gray 
Herbarium of Harvard University). 

land above the flood level. Some repre¬ 
sentative variants grow as high as 6,000 
feet altitude, and others inhabit unin¬ 
viting rock and talus slopes which are 
almost devoid of soil. Although known 
to science before any other species of 
Hevea, H. guianensis, the most widely 
distributed species, remains today one 
of the most poorly understood concepts 
insofar as definition of its minor vari¬ 
ants is concerned. 
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Hevea nitida is a large tree of flood- 
land jungles, but it may also occur in a 
varied form in light, highland forests. 
It yields a latex which coagulates into a 
sticky mass of no commercial value as 
rubber. Furthermore, the latex of this 
species, when mixed with that of other 
species, acts as an anticoagulant. Yet, 
in spite of its close relationship to Hevea 
nitida, the recently discovered H, nitida 
var. toxicodendroides, a tiny shrub-tree 
native to bare, dry and sun-baked sand¬ 
stone hills where only a scrub vegetation 
can exist, yields a latex which gives a 
good rubber. Could we not expect the 
extreme resistance to drought and radia¬ 
tion, the apparent high resistance to leaf 
blight, the thick, leathery leaves, and 
the quality of rubber of this diminu¬ 
tive variety to be of value for breeding? 
Hevea nitida and its variants may be of 
extreme interest to the future breeder 
because, although it appears very dis¬ 
tinct superficially, taxonomic studies in¬ 
dicate that it is rather closely allied to 
H. brasiliensis. 

While Hevea brasiliensis yields the 
highest quality and quantity of rubber, 
the other species have unusual charac¬ 
teristics that might be valuable in experi¬ 
menting for future plantation stock. 
The breeder and planter must consider 
not only yield and quality of latex and 
rubber; disease resistance; wound re¬ 
sponse; and other major factors. He 
must consider also a host of secondary 
points, such as thickness, softness and 
anatomical features of the bark as it 
affects tapping; resistance to wind; root 
system; utility as root-stock or crown 
stock in budding; characteristics of the 
foliage and branching; and innumerable 
other matters which are not always im¬ 
mediately obvious. The rubber indus¬ 
try must draw upon all of the forms 
which nature has already evolved. In 
the past, the experiments which have em¬ 
ployed species other than Hevea brasili¬ 
ensis have been few and limited, and 


opportunities of inestimable significance 
may thus have been overlooked. 

The highly variable Hevea Benthami- 
ana, growing usually in the most acidic 
of permanent black-water bogs, yields a 
very high-grade rubber. Some varieties 
and forms of it have very leathery leaf¬ 
lets and seem to prefer dry, sandy habi¬ 
tats. Is there not a hope that thorough 
study of this concept might produce in¬ 
teresting data for use in disease control 
or that the species might yield character¬ 
istics valuable for producing a clone 
which could grow in sites unfavourable 
for Hevea brasiliensis ? 

Other species and varieties might be 
pointed out as of prime interest to our 
study. Occurring in great numbers in 
the most swampy areas of the eastern 
half of the Amazon Valley, Hevea Spru- 
eeana is not tapped for rubber because 
it has a thin, non-coagulating latex. 
Little or nothing is known of the rub¬ 
bers produ(».ed by Hevea rigidifolia, a 
very small tree of light, sandstone-hill 
forest and with extraordinarily coria¬ 
ceous leaves adapted to long dry periods; 
nor of H. microphylla, a small forest tree 
whose seeds shed gently and not explo¬ 
sively as in all other species; nor of H. 
pauciflora and its numerous variants, 
inhabitants of rocky slopes and other in¬ 
hospitable sites. And what may we ex¬ 
pect when we are able to study stands 
of the diminutive Hevea camporum, 
known from only one incomplete her¬ 
barium specimen from granitic hills at 
the headwaters of the Rio Marmellos in 
Brazil i and when we can rediscover and 
introduce into cultivation H. minor from 
the Casiquiare? 

Little really is as yet known of the 
minor variations of wild Hevea brasili¬ 
ensis itself. Several varieties have been 
described, but the concept seems to be 
so variable that mass studies of wild 
populations must be made to appreciate 
the extent and significance of the differ¬ 
ences. 




Fig. 2 (Upper left). Hevea trees may be tremendous giants of the jungle, such as H, hra- 
siliensis and II, guianen»is which often reach a height of 140 feet; or they may be, like fl. ni- 
tida var. toxicodendroides in the illustration, diminutive shrubs or semi-prostrate bushes native 
to open, xerophytic, sandstone mountain-tops. 

Fig. 3 (Upper right). The collection for nurseries of tons of seed of Hevea brasiliensis has 
afforded botanists an opportunity to study the variation in seeds from native populations of this 
species. The figure shows one type of seed of Hevea brasiliensis from Leticia, Colombia. 

Fig. 4 (Lower left). An intensive search for outstandingly superior wild rubber trees has 
been in progress for several years in the Amazon Valley. Suitable branches are cut from se¬ 
lected trees and are sent to central nurseries to provide budding material. The ascent of an enor¬ 
mous tree of Hevea brasiliensis, shown in the illustration, is a difficult task because of the height 
and corpulence of the tree, as well as the many spiny ant-infested air-plants which clothe a great 
part of the trunk. 

Fig. 5 (Lower right). Unlike many species of Hevea, H, guianensis is native to high land 
which is not subject to four or five months of deep inundation each year. This species is one of 
the most majestic trees of the high-land Amazonian jungle where it sometimes reaches 125 feet 
in height. 







88 


ECONOMIC BOTANY 


Recent Investigations 

During the last five years the United 
States Department of Agriculture has 
carried out, through its Division of Rub¬ 
ber Plant Investigations and in coopera¬ 
tion with the governments of Brazil, Co¬ 
lombia and Peru, an ambitious pro¬ 
gramme of jungle selection of outstand¬ 
ing wild individuals of Hevea which 
show high yield and disease resistance. 
It has also encouraged cytogeographic 
and taxonomic studies. This work has 
necessarily been concerned chiefly with 
Hevea hrasiliensis. But whenever for¬ 
tune has permitted, material has been 
selected from as many of the other spe¬ 
cies, varieties and forms as possible. A 
significant living collection is being as¬ 
sembled in order that we may have at 
hand a museum of the wild representa¬ 
tives of Hevea for use in scientific pro¬ 
grammes. This collection includes He¬ 
vea Benthamiaixa; several variants of 
H. guianensis and its variety lutea; H, 
nitida; and a number of others. Re¬ 
cently the extremely rare Hevea rigidi- 
folia, not seen since Spruce collected it 
nearly a century ago on the Rio Negro, 
has been rediscovered in several localities 
of the same area. Further explorations 
may even turn up species as yet un¬ 
known. 

Thousands of trees have been studied; 
tons of wild seeds have been gathered; 
chromosome counts have been made of 
hundreds of wild trees; and thousands 
of herbarium specimens, notes and pho¬ 
tographs of numerous species of Hevea 
have been prepared. It is fully realized 
that seemingly academic studies are 
highly practical, not only to plant breed¬ 
ers but also to chemists. A clear classifi¬ 
cation of Hevea may help the chemist 
understand differences in properties of 


the latex of the numerous species, vari¬ 
eties and forms. Chemical differences 
in latiees, while often influenced by eco¬ 
logical factors, are fundamentally cor¬ 
related with the genetical make-up of the 
plant. 

This is the first time in history that 
such an extensive programme has been 
possible with Hevea. The success it has 
met with is due largely to the sustained 
interest of the cooperating Latin Ameri¬ 
can governments. We feel that we are 
finally at the dawn of a better compre¬ 
hension of what Hevea really is and of 
how the genus is constituted. Only con¬ 
tinued exploration, however, will enable 
taxonomy to prepare for science in gen¬ 
eral and for the rubber industry in par¬ 
ticular a final blue-print of this most 
fascinating of plant groups. 

The remarkable expansion of the elas¬ 
tomers of the so-called “synthetic rub¬ 
ber industry is creating a demand for 
rubbers and rubber-like substances of all 
types for use as * ‘ fillers* ’ or ^ ‘ softeners * *. 
We who are engaged in plant exploration 
and classification must be on the alert, 
for perhaps one of the humbler species 
of Hevea, today passed by because its 
latex is intrinsically of no commercial 
value, will one day assume an exalted 
place as producer of a superb softener 
for some as yet unknown elastomer. 

At the present time, in our really in¬ 
cipient stage of knowledge of what the 
potentialities of the rubber trees of the 
genus Hevea are, we continually refer to 
the available taxonomic work, incomplete 
as it is, for any fundamental step in 
plant-breeding or selection. Should we 
not strive to provide a more satisfactory 
and complete classification as the first 
step in our programme for an overall 
betterment of the industry? 



Roselle —A Potentially Important Plant Fiber ^ / 

Not yet exploited in the Western Hemisphere, this 
jute-like African fiber possesses commercial possi¬ 
bilities and is obtained from a plant that furnishes 
also edible fleshy calyces and oil-containing seeds. 

JULIAN C. CRANE2 


Introduction 

The roselle plant {Hibiscus Sabdariffa 
L.) is used principally for its bast fibers 
and for its fruit, the latter being utilized 
for making jelly and preserves. The 
silky, soft and light-colored fiber ob¬ 
tained from this plant has practically 
the same chemical and physical prop¬ 
erties as jute {Corchortis capsularis L.) 
fiber and, therefore, offers a very satis¬ 
factory jute substitute. 

At the beginning of the second World 
War roselle attracted considerable atten¬ 
tion with respect to its being utilized as 
a quick source of soft fiber for the manu¬ 
facture of burlap and other fibrous 
articles. Consequently a comprehensive 
review of the literature, presented here, 
was made in order to assemble the world¬ 
wide information dealing with the roselle 
plant and its products. Although state¬ 
ments made in some cases are rather con¬ 
fusing and contradictory, one must re¬ 
member that the data here reported have 
been compiled from widely separated 
locations that have greatly different soil 
and environmental conditions. 

Considerable confusion exists with 
respect to literature references, several 
of which, especially from this hemi¬ 
sphere, deal with “roselle’’, although it 

^ The investigations involved in assembling 
this review were made possible by funds pro¬ 
vided through the United States Interdepart¬ 
mental Committee on Cultural and Scientific 
Cooperation. 

2 Assistant Professor of Pomology, University 
of Califo’^nia; formerly Horticulturist, Office of 
Foreign Agricultural Relations, United States 
Department of Agriculture. 


has been determined that the plant mate¬ 
rial discussed was actually kenaf (Hibis¬ 
cus cannabinus L.), a close relative of ro¬ 
selle (9). Although plants of these two 
species are apparently quite similar re¬ 
garding cultural and environmental re¬ 
quirements, our limited experience with 
roselle in this hemisphere precludes com¬ 
parative evaluation of the material pres¬ 
ented here with that which has been 
published on kenaf (10). 

History 

In a study of the history of roselle. 
Wester (46) found that the first pub¬ 
lished a(*.count of the plant was made 
by the Flemish botanist, M. de L’Obel, 
in 1576 (31). Wester believed that the 
species was probably brought westward 
from India by the Mohammedans who 
invaded India several centuries before 
the plant was described by M. de L’Obel. 
That the plant was from the beginning 
known by the name “Sabdariffa”, a 
Turkish word, according to Drury (13, 
p. 252), lends color to this belief. Use of 
the leaves for greens and reference to 
its cultivation for fiber first appeared in 
1687 (23). 

Roselle was reliably reported from the 
Western Hemisphere at the beginning 
of the eighteenth century, at which time 
it was in cultivation (46). Wild plants 
of Hibiscus Sabdariffa that occur in the 
American tropics would seem to have 
escaped from cultivated fields. This in¬ 
dicates that the species is not indigenous 
to the American tropics but is probably 
of Old World origin. 
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Probably the first roselle, the tall, un¬ 
branched type (var. altissima), culti¬ 
vated for fiber in the Western Hemi¬ 
sphere was grown in Cuba in 1919 (5). 
The seed for this crop was sent by P. 
J. Wester from the Philippine Islands to 
the Cuban Agricultural P]xperiment 
Station. 

We are led to believe that the culinary 
uses of the calyces of this species were 
first recognized in Jamaica in 1707 (41 
p. 224), where, it was stated, ‘‘the cap¬ 
sular leaves are used for making tarts, 
jellies, and wine for the treatment of 
fevers and hot distempers, to allay heat 
and quench thirst”. It is reported that 
the species was introduced into Florida 
from Jamaica, probably during 1870 to 
1880, and that it was first grown in Cali¬ 
fornia about 1896 from seed imported 
from Australia (46). It is rather odd 
that roselle was introduced into the 
Philippine Islands from the Western 
Hemisphere (Trinidad) in 1905-250 
years after it was known in Java. Con¬ 
siderable interest in roselle developed in 
Florida and California during the early 
1900’s with respect to the use of the 
enlarged calyces in jam and jelly mak¬ 
ing. 

Use of roselle for commercial purposes 
was not recognized until the middle of 
the last century when it was found to be 
of value as a source of fiber (40). That 
the plant attracted but little attention 
until a comparatively few years ago is 
shown by the fact that it was not in¬ 
cluded by A. de Candolle in his “Origin 
of Cultivated Plants”, published in 1882. 

Roselle appears to have been a horti¬ 
cultural crop of considerable importance 
in Queensland, Australia, in 1892, since 
there were two preserving factories in 
operation for utilization of the calyces 
(46). Roselle jam is reported to have 
been shipped to Europe in large quan¬ 
tities in 1896. Later this industry must 
have sutfered a serious decline, for the 
Queensland Department of Agriculture 


Report for 1909 states that there were 
only 1.6 hectares (four acres) of roselle 
producing edible commodities. 

Description and Nomenclature 

Roselle, which produces enlarged edi¬ 
ble calyces and the roselle fiber of com¬ 
merce, is an annual plant belonging to 
the large family Malvaceae. It is closely 
related to several genera containing fiber- 
producing plants, e.g.y Ahutiloriy Sida, 
Malva, Althaea, TJrena and Lavatera. Its 
most important relative from a commer¬ 
cial standpoint is cotton {Gossypium 
spp.). Other species of economic value 
related to roselle include okra (Hibiscus 
esculentus L.), the young fruit of which 
is commonly used as a vegetable; kenaf 
(//. cannabinus), cultivated for the fiber 
obtained from the inner bark; and some 
used for ornamental purj)oses, of which 
the Swamp or Rose Mallow (II. moscheu- 
tos L.) is a common example. 

Roselle has been variously called “sor¬ 
rel”, “red sorrel”, “East Indian sorrel 
plant”, “thorny mallow” and “various¬ 
leaved hibiscus”. The assumption by 
Royle (40) that the name “roselle” is a 
corruption of the French word ‘ ‘ oseille ’ ’, 
(the equivalent of the English word 
“sorrel”), seems well justified. It has 
been spelled “rouselle”, “rosella” 
(Spanish) and “rozelle”. In the com¬ 
mercial trade of some parts of the world 
the calyces of the edible types of Sab- 
dariffa are called ‘ ‘ karkadc flowers ’ ’. In 
India the plant is known under the ver¬ 
nacular names “mesta”, “patwa”, “lal 
ambari” and “kempu”. The fiber has 
been, called “India rosella hemp”, 
‘ ‘ rosella fiber ”, “ rosella hemp ”, “ rozelle 
hemp” and “Pusa hemp”. 

Most of the statements and descrip¬ 
tions concerning roselle refer to a plant 
with red stems and calyces, the latter be¬ 
ing used for culinary purposes. In some 
articles mention is made of a form with 
a green or whitish calyx, but no descrip¬ 
tions were given until not only the red 
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and green varieties but also two inter¬ 
mediate forms were differentiated at 
Pusa, India (25). These intermediate 
forms are partly red, but in each the 
localization of the color is different. A 
form of roselle having light-green stems 
and leaves with straw-colored or whitish 
calyces was recorded by Hughes (26, p. 
204) almost 200 years ago. How long 
it had existed before that time is not 
known. 

Varieties 

Hibiscus Sahdariffa may be divided 
into three main groups (see Table 1) on 
the basis of plant coloration: (a) plants 
of which the stems, petioles and calyces 
contain a red pigment throughout, which 
gives the brilliant red color characteristic 
of all food products made from plants of 
this type; (6) plants lacking this red 
pigment, all parts of the plant being 
greenish and the calyces straw-colored or 
whitish; (c) plants which are intermedi¬ 
ate between the green and the red types; 
that is, the stems, petioles and calyces 
contain red pigment only in certain lo¬ 
calized spots or splashes. 

The type of plant with deep red color¬ 
ation is decidedly the most useful for cu¬ 
linary purposes, both because its color is 
attractive and because the calyx is less 
fibrous and harsh than in the other types. 

Hibiscus Sabdariffa might be further 
divided on the basis of growth habit into 
two groups; a tall-growing, unbranched 
form, the type of plant desired for fiber 
production; and a shorter, much- 
branched form, generally used for its 
edible calyces and leaves. The difference 
in growth habit is so pronounced in this 
species that Deshpande (12) believed 
that the fiber variety described by Wes¬ 
ter as altissima —the tall unbranched 
form—might be a different species. He 
made successful intervarietal crosses 
between H. Sabdariffa var. altissima and 
the short much-branched varieties se¬ 
lected by Howard and Howard (25), in 


order to determine whether there is an 
affinity between the two forms. 

Although the culinary and fibrous 
uses of roselle have been known for a 
considerable length of time, the division 
of the species into different varieties has 
been comparatively recent. No varieties 
of roselle appear to have been selected 
until the culinary variety Victor was 
isolated and named in 1907 (45). This 
variety originated among a number of 
seedlings grown at the Subtropical Lab¬ 
oratory, Miami, Florida. The culinary 
variety Rico was named and illustrated 
for the first time in 1912 (47). Two 
other culinary varieties. Archer and 
Temprano, the latter being originated at 
the Lamao Experiment Station in the 
Philippines, were described by Wester 
(48) in 1914. The Temprano, an early 
maturing red variety, was selected from 
a planting of the Victor variety, while 
Archer, characterized by all parts of the 
plant being greenish or whitish, was 
originated from seed received from A. S. 
Archer, of Antigua, British West Indies. 

Howard and Howard (25) in 1911 se¬ 
lected four varieties of roselle and found 
them to breed true. With the exception 
of a slight difference in the form of the 
calyx in H, Sabdariffa var. bhagalpurien- 
sis and differences in color, these workers 
found the four varieties to be absolutely 
identical in all ‘ ‘ morphological and agri¬ 
cultural characters They flowered at 
the same time, grew to the same height 
and were equally robust. Howard and 
Howard did not state which of these va¬ 
rieties was best suited for fiber produc¬ 
tion, but Youngberg (51) found the 
green-stemmed varieties to contain 4.75 
percent more fiber than the red varieties. 

In describing the type of plant grown 
in India and the material from which 
they selected the four varieties, Howard 
and Howard (25) stated that the height 
of the plants varied with the cultivation 
practice and in some cases reached ten 
feet. They gave the following botanical 
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description of the species Hibiscus Sab- 
dariffa, together with the major differ¬ 
ences among the four varieties; 

Shrub erect, annual. Stem glabrous, un¬ 
armed but with emergences at intervals, much 
branched with long branches arising near the 
base. Stipules generally simple and linear, 
sometimes bilobed. Leaves lobed, upper ones 
simple and lanceolate, with a pulvinus at the 
base of the blade, and a gland on the midrib of 
the leaf; margin serrate; petiole often with a 
line of hairs on the upper surface. Peduncle 
solitary and axillary. Epicalyx united at the 
base and adnate to the calyx; bracteolcs 8-12, 
linear. Calyx connate below, free above; sepals 
5-7, accrescent, fleshy, with a gland on the 
midnerve of each. Corolla yellow, spreading; 
aestivation imbricate. Capsules ovoid, pointed, 
villous, shorter than the calyx. Seeds reniform, 
subglabrous. 

1. Var. ruber 

Stem and ])etiole entirely red, pulvinus 
red, calyx red, flowers on withering 
turn pink. 

2. Var. alhus 

Stem and petiole green, pulvinus green, 
calyx yellowish, flowers on withering 
remain yellow. 

3. Var. intermedins 

Stem and petiole green, with some red, 
j)ulvinus red, calyx yellowish green, 
flowers on withering remain yellow. 

4. Var. bhagatpuriensis 

Stem and petiole green with some red, 
])iilvinu8 green, calyx green with red 
splashes, slightly more obtuse and more 
twisted than in any of the other three 
varieties, flowers on withering turn 
pink. 

Up to this point, all the varieties de¬ 
scribed belong to the type of Hibiscus 
Sahdariffa which is characterized by 
plants that are bushy and branch pro¬ 
fusely, the branches arising from the 
base of the stem. Not until 1914 did 
Wester (48) describe the fiber-producing 
H. Sahdariffa var. altissima. This var¬ 
iety originated from seed received by the 
Philippine Bureau of Agriculture from 
the Gold Coast, West Africa, in 1911. 
Wester stated that the plant evidently 
had no economic value in the Gold Coast, 
for the correspondent forwarded the seed 
to him with the remark that it was an 
“interesting plantWester noted that 


plants grown from this seed “in some 
respects differ radically from all other 
forms examined by the writer. They dif¬ 
fer from each other in that one kind 
belongs to the red type of roselle while 
the other form is intermediate between 
the red and the green 

A report (18) in 1912 states that 
botanical specimens of a species of Hi- 
biscus, which had been grown in the Gold 
Coast, West Africa, for its fiber were 
forwarded to the Kew Botanical Gardens 
for identification. The specimens were 
identified as a variety of H. Sahdariffa, 
but were “not the form usually culti¬ 
vatedWhether this plant material 
was the source of the seed from which 
Wester selected the variety altissima is 
not known. This tall unbranched form 
of H. Sahdariffa was, however, unheard 
of until after he named and described it 
in 1914. 

In addition to the red and intermedi¬ 
ate forms of the fiber variety altissirna, 
there appears to be also a green-stemmed 
form, since Koch (28, 29), speaking of 
altissima j stated that “both red and 
green varieties grow 4 to b meters (13 to 
16.5 feet) high with slender stalks and 
no branches Although he may have 
overlooked the fact that the “green var¬ 
iety’’ might have contained small 
amounts of localized red pigments and, 
therefore, would be the intermediate 
form as described by Wester (48), Desh- 
pande (12) and Abdur Rahman Kahn 
(2), a green form of the altissima type 
also seems likely to exist as it does in the 
shorter much-branched type of Sab- 
dariffa. 

Prom the obversations made by many 
students, the tall-growing variety altis¬ 
sima appears to be characterized by its 
non-branching growth habit (2, 12, 48) 
as contrasted with the other varieties 
which have a comparatively short and 
much branched growth habit (2, 45, 47, 
48). Under certain conditions, however, 
the variety altissima has been observed to 
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branch considerably. Some workers 
have observed that the variety branches 
somewhat when widely spaced or when 
growing next to drainage ditches or at 
the end of the rows (33, 43, pp. 48-49). 
Nevertheless, from the studies made on 
the plant by various workers, the con¬ 
clusion may be drawn that the variety 
altissima can be given definite varietal 
rank. 

Although nine varieties of H. Sah- 
dariffa have been selected and named by 
Wester (45, 47, 48) and Howard and 
Howard (25), considerable synonymy is 
believed to exist in their varietal desig¬ 
nations. For example, the culinary var¬ 
ieties Victor, Rico and Temprano, se¬ 
lected and named by Wester, are ap¬ 
parently synonymous with the variety, 
riiher, named by the Howards. The 
Howards in 1911 were evidently not 
aware of the fact that Wester had named 
and described the culinary variety Vic¬ 
tor in 1907, since they made no reference 
to this variety. Further, the belief is that 
the culinary variety Archer, a green¬ 
stemmed type selected by Wester, is the 
same as the green-stemmed variety albus, 
selected and named by the Howards. 

Cytogenetics 

In order to study the affinity of var. 
altissima with the varieties named by 
Howard and Howard (25), a number of 
intervarietal crosses were made (12). 
From this work strains were obtained 
combining the tall unbranched habit of 
var. altissima with the smooth stem of the 
othertypes. Deshpande (12) 
crossed the altissima variety with var¬ 
ieties albus and ruber and also with some 
types of H. cannabinus, and showed that 
the average percentage of capsules set 
in the former was 53.8, all the capsules 
having viable seeds, whereas that in the 
latter was 44.4, none of the capsules hav¬ 
ing any viable seeds. These results are 
readily explained by the fact that, ac¬ 
cording to Medvedeva (34), the two spe¬ 


cies have different chromosome comple¬ 
ments, H, cannabinus possessing 36 and 
H. Sabdariffa 72, respectively. He 
stated that all the crosses between the 
varieties and geographical races of H, 
cannabinus belong to the type of ‘‘con¬ 
gruent’’ crosses and are successful, but 
that, on the contrary, owing to the ex¬ 
treme diversity of karyotypes in the 
genus Hibiscus, the outlook of interspeci¬ 
fic hybridization is not promising. 

Anatomical Portion of the Plant 
Used for Fiber 

The fibers obtained from roselle are 
spoken of botanically as ‘‘bast cells” and 
are 1.2 to 3.3 millimeters long and from 
0.01 to 0.03 millimeter wide (35). They 
form the principal part of the fibrous 
bark, or the bast layer. These cells are 
contained in a layer just under the bark 
of the plant and outside the central 
woody cylinder and thin cambial tissue. 
Their ends overlap each other so as to 
form, in mass, a filament. Cells of this 
type give strength and fiexibility to the 
stem, and the extracted bundles of these 
cells form the filamentous product known 
commercially as fiber. 

Photoperiodic, Climatic and Soil 
Requirements 

Roselle has been shown to exhibit 
marked photoperiodism (4, 27, 32). Mc¬ 
Clelland (32) found that, when the 
length of daily illumination was short¬ 
ened to 11 hours, roselle plants developed 
buds four weeks after planting, pro¬ 
duced large red fruit in ten weeks, 
althojugh the plants were only five inches 
tall, and matured seed in 14 weeks. 
These plants remained about five inches 
tall. On the other hand, plants that 
were give a daily illumination of 13.5 
hours for 5^ months attained a height of 
36 to 45 inches, and none showed a ten¬ 
dency to blossom. These plants were still 
growing vigorously when those under 
the artificially shortened day, having 
fruited, were dying. 
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As roselle is sensitive to frost, sub¬ 
tropical or tropical locations seem to be 
the ideal environment for the plant. Be¬ 
cause, regardless of the date of planting, 
the plant does not flower and fruit in the 
United States until the short days of late 
fall or early winter, production of roselle 
fruit in temperate zones seems difficult 
to achieve, unless frost-free conditions 
enable the plants to grow through 
December (27). For fiber production, 
on the other hand, it is highly desirable 
to have long clean stems free of branches 
or fruiting stalks which interrupt the 
continuity of the fiber. Plant material 
of this kind, therefore, may be obtained 
only when the plants have grown under 
comparatively long light days for three 
to four months. Since production of 
the finest quality fiber is dependent upon 
an environment that promotes continuous 
and rapid growth of the plant, 18 to 20 
inches of rainfall during this three- to 
four-month period would seem to be de¬ 
sirable (6). 

For fiber production the plants should 
not be subjected to strong winds or pro¬ 
longed foggy weather, since the quality 
of the fiber is best when the plant is un¬ 
interrupted in its growth (6). It has 
been noted that a cessation of growth 
for only seven or eight days was suffi¬ 
cient to exert an unfavorable influence on 
the quantity and the quality of the fiber 
produced. Roselle appears to do equally 
well from locations at sea level to an 
elevation of 2,000 feet (38). 

Roselle is not very exacting in its 
requirement with regard to the physical 
properties of the soil, except that it 
should be permeable, not very compact 
and not subject to flooding (6). In Cey¬ 
lon (21) roselle has thrived on heavy 
loam soils capable of retaining a good 
supply of moisture. Laterite soils and 
light soils deficient in humus have proven 
to be unsuitable for satisfactory growth 
(22). In order to hasten maturity of the 
fruit, Beattie (3) recommends avoiding 


extremely rich soils or application of ni¬ 
trogenous manures, since these stimulate 
development of large plants at the ex¬ 
pense of flower production. 

Cultural Requirements 

The cultural requirements of roselle 
have not as yet been determined by ex¬ 
tensive agronomic studies. Most of the 
information pertaining to the culture of 
this plant is based primarily on small 
plantings and limited observations by 
various individuals. One point, how¬ 
ever, agreed upon by all writers is that 
preparation of the seedbed should be 
given special attention and the soil 
plowed rather deeply. Because of the 
comparatively long taproot of roselle, the 
soil should be plowed to such depths as 
to stimulate and aid the growth of these 
roots. The seedbed should be carefully 
prepared to aid in a uniform germina¬ 
tion of the seed and subsequently a uni¬ 
form stand of plants, which is of great 
importance in fiber-crop production. 
Not only is a uniform time of maturity 
desirable for the plants of a given area, 
so that they can be harvested and de- 
fibered at one time, but also desirable is 
uniform quality of the fiber. 

Fertilization. A number of workers 
have studied the effects of application of 
fertilizers on the growth of roselle plants 
and the production of fruit and fiber. 
In the Philippines (39) it was found in 
all cases that such applications gave 
favorable effects on the height of plants 
irrespective of the fertilizer formulae 
used. Best results were obtained when 
nitrogen-bearing fertilizers were applied 
in combination with smaller amounts of 
potassium and phosphorus. 

Ettling (15), Koch (29) and Dekker 
(11), all working in Java, pointed out 
that roselle was greatly benefited by the 
use of green-manure crops as a means of 
building up the soil preparatory to 
planting. They recommended the use of 
Mimosa invisa as a leguminous green- 
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manure crop, provided it is turned under 
before it starts to mature its seeds. On 
the other hand, commercial fertilizers 
were also used with success, the greatest 
response being obtained from ammonium 
sulphate at the rate of 450 pounds per 
acre (11). These results are corrob¬ 
orated by the work in Africa and Java 
of Campese (6) who observed that nitro¬ 
gen and potassium are the two elements 
that roselle needs in rather large quanti¬ 
ties. He recommended application of 
manure at the rate of 8,000 to 18,000 
pounds per acre or a commercial fer¬ 
tilizer supplemented with a green-man¬ 
ure crop. 

Thus far no conclusive proof has been 
given as to whether a rotation of crops 
is necessary in growing roselle; but, 
since the plant is subject to attack by the 
root-knot nematode {Heterodera radi~ 
ciola), a rotation is probably advisable 
(49). Campese (6) recommended that 
roselle be worked into a rotation pro¬ 
gram; that is, he suggested that it be 
preceded by a leguminous green-manure 
crop and followed by corn. 

For fruit production Wester (45) 
stated that stable manure should be used 
sparingly and should be supplemented 
by phosphates and fertilizers containing 
potash. He found that an excess of am¬ 
monia in the soil encouraged the develop¬ 
ment of large plants at the expense of 
fruit production. A commercial 4-6-7 
fertilizer gave good results, and he stated 
that best results were obtained in Florida 
when the organic forms of nitrogen were 
applied at the rate of 1,000 to 2,000 
pounds per acre. Fertilizers in which 
inorganic sources of nitrogen were used 
did not give such high yields. 

Time and Distance of Planting. The 
time of planting roselle, particularly for 
fiber, is one of the most important factors 
in its production. In view of the fact, 
that the plant is sensitive to changes in 
length of day, it is readily understood 
that the best time for planting in a lo¬ 


cation of a given latitude might not be 
successful in another location of a dif¬ 
ferent latitude. It is generally agreed 
(6, 28, 36) that roselle should be planted 
at the beginning of the rainy season. 
Likewise a daily illumination of approx¬ 
imately 13 hours for three to four months 
following planting is necessary in order 
to preveut flower bud initiation until 
after the plants reach sufficient height to 
insure adequate yields of fiber per area 
of land. In other words, in order to 
obtain long clean stems free of branches 
and fruiting stalks which interrupt the 
continuity of the fiber, planting should 
be done at the beginning of a three or 
four month period characterized by 18 
to 20 inches of rainfall with day lengths 
of not less than 13 hours. 

Experiments in Florida, Hawaii and 
the Philippines (47, 3) have shown that 
roselle normally begins blooming the 
latter part of September or the first of 
October. For fruit production, there¬ 
fore, the seed may be sown any time 
after the first of February but before 
the middle of May in the Northern Hemi¬ 
sphere and before the corresponding 
time in the Southern. If planted later 
than the middle of May, the plants do 
not have sufficient time to develop vege- 
tatively before flowering and fruiting 
begins. 

Distance of planting is of great impor¬ 
tance to the quality of fiber produced 
(15). Work in Java and Africa (6, 11, 
15, 38) has shown that the best quality 
fiber is obtained from plants spaced six 
to 8 inches between rows and five to nine 
incjies between plants in the row, using 
about 18 pounds of seed per acre. In 
Malay (22, 43), however, drilling in 
rows three to six inches apart at a rate 
of 20 to '25 pounds of seed per acre is 
recommended. 

Broadcasting the seed has been tried 
in several instances, but this practice is 
not recommended because of the uneven 
stand of plants obtained and lack of uni¬ 
formity in the fiber produced. 
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Since roselle is harvested for fiber 
when the plants begin to bloom, a sepa¬ 
rate planting for seed is necessary. At 
fiber-harvesting time the practice has 
been, in many places, to merely leave un¬ 
cut a portion of the field as a source of 
seed. Harvesting seed from a planting 
originally intended for fiber, however, 
is difficult and costly. In addition, much 
lower yields of seed arc obtained than 
from a planting made at the proper time 
and having a planting distance especially 
for seed production. 


between rows, depending upon soil fer- 
.tility, supply of moisture and the time 
of year when the seed is sown, the earlier 
sown seed being planted at the greater 
distances. In F'lorida (3) seedlings 
started indoors are re-planted in the 
open at the same time as tomatoes in rows 
four feet apart and from three to four 
feet apart in the row. 

Recommendations regarding planting 
distances used in various parts of the 
world for fiber, seed and fruit production 
are summarized in Table 2. 


TABLE 2 

A Summary oi*’ Different Planting Rates Recommended by Students 
OF Roselle Production 


Author 

Country 

For fiber 

Koch (28) . 

Java 

Ettling (15) . 

Java 

Henning (22) . 

Malay 

Serdang Exp. Plant. (43) .. 

Malay 

Campese (6). 

Africa and Java 

Dckker (11) . . 

Java 

Prat (38) . 

Africa 

For seed 

Ettling (15) . 

J ava 

Cam])ese (6) . 

Africa and Java 

Dekker (11) . 

Java 

For fruit 

Wester (49) . 

Philippines 

Beattie (3) . 

Florida 


1 Drilled. 

h^or the production of seed it is gener¬ 
ally agreed that the distance between 
plants should be somewhat greater than 
for fiber production. In Java the plant¬ 
ing distance varies from 30 inches be¬ 
tween rows and 15 inches between plants 
to spacings of 30 to 40 inches on a square 
(11, 15). Similar treatment is recom¬ 
mended in Africa where plants are 
spaced 20 inches in the furrow with 32 
inches between furrows (6). 

For fruit production in the Philip¬ 
pine Islands (49), roselle is planted in 
hills 3 to 7 J feet apart with 4^ to 9 feet 


Distance 

Distance 

Seed 

between 

between 

required 

rows 

plants 

per acre 

Inches 

Inches 

Pounds 

12 

4 to 5 


6 to 8 

5 to 9 

18 

3^ 


25 

3^ to 6 


20 to 25 

8 

6 

14 to 16 

6 to 8 

6 to 8 

19 to 23 

5 to 9 

C to 8 

13 to 18 

30 

15 


31 

20 


30 to 40 

30 to 40 

.8 to l.G 

4.5® to 9 

3® to 7.5 


4= 

3® to 4 

. 


2 Feet. 

Methods and Time of Harvesting. 

Roselle is such a rank grower that it soon 
shades out weed competition. Generally 
plantings made for fiber production re¬ 
quire no cultivation or other care from 
the time of seeding to harvest. For seed 
and fruit production, where the rows 
are spaced farther apart, one or two 
cultivations may be necessary, depending 
upon seed bed preparation and weed 
population. 

Some diversity of opinion exists as to 
the proper time for harvesting roselle 
for fiber. The recommended harvesting 
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time has varied from the stage at which 
the plants first started to bloom until, 
seed maturity. The results obtained by 
workers in Java and Malay (11, 43) in¬ 
dicate that the best time for harvesting 
is at the end of three or four months or 
^‘before large flowers have appeared 
Henning (22), on the other hand, affirms 
that the best time for cutting is just after 
the plants have flowered. Other workers 
have observed that if harvesting is de¬ 
layed until after blooming, the plants 
become woody, the fiber is of poor qua¬ 
lity, and the stems are much more diffi¬ 
cult to ret (6, 22). 

As far as yield of fiber is concerned, 
the longer the plants are allowed to grow, 
the greater is the quantity of fiber ob¬ 
tained per unit of area. Michotte (3Q) 
presents the following data from Java, 
which clearly illustrate this point: 


TABLE 3 

Relation Between Duration of Growth 
AND Fiber Yield in Roselle 


Plants cut after 

Yield in dry fibery 
pounds per acre 

100 days growth . 

1,338 

135 days growth . 

2,230 

165 da^s growth . . .. 

2,677 


Even though a progressive increase in 
yield of fiber is obtained with a progres¬ 
sive increase in length of time that the 
plants remain in the field, Campese (6) 
noted that there was a progressive de¬ 
crease in quality of the fiber produced. 
He stated that the plants should be cut 
between three and four months after 
planting to obtain the best quality fiber. 

There appear to be two methods of har¬ 
vesting the plants. They may be pulled 
up by the roots or cut off at the ground 
level. The latter method seems prefer¬ 
able in that it requires less effort, and 
the root systems remaining in the ground 
constitute a source of organic matter. 

Some authors (15, 25, 33) have de¬ 
clared that the cut stalks should be tied 


in bundles of 25 to 30 preparatory to 
retting; others (22, 28, 43) have asserted 
that a more economical and satisfactory 
way is to strip off the cortex in the field 
and tie it in bundles for retting. 

The slow and tedious process of har¬ 
vesting roselle by hand in this hemi¬ 
sphere is impractical and uneconomical 
because of comparatively high wage 
rates. Since the habit of growth and 
size of the roselle plant are similar to 
those of kenaf, mechanical harvesters 
used for harvesting the latter plant 
should undoubtedly prove successful for 
roselle. Harvesting investigations on a 
commercial scale, using a modified hemp 
harvester-binder, have demonstrated 
that a crop of kenaf planted in eight- 
inch drills rows, which had grown to a 
height of 10 to 12 feet, could be cut and 
bundled at the rate of an acre per hour 
( 10 ). 

The seed capsules of roselle mature 
progressively from the lower to the up¬ 
per portion of the plant. For seed pro- 
du(*tion the plants are cut when the seeds 
at the lower and middle portion of the 
bearing area are fully mature. The com¬ 
mon method of harvesting roselle for 
seed is to cut the plants by hand at the 
stage just mentioned and to shock them 
in the field for several days, so that seed 
at the top portion will have time to ma¬ 
ture and cure before threshing. If har¬ 
vesting by hand is delayed until all the 
seed capsules on the plant have reached 
maturity, then considerable seed is lost 
by shattering, especially from the lower 
portion of the seed-bearing area. To 
thresh roselle, the dried plants have usu¬ 
ally been placed between large pieces of 
canvas and then beaten or flailed with 
long poles, after which the seed has been 
cleaned by winnowing. Here again, if 
this crop is to become of commercial 
importance in this hemisphere, mechani¬ 
cal methods for harvesting and cleaning 
seed will have to be developed. 

The edible fleshy calyces mature very 
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rapidly and are ready to harvest within 
15 days after blossoming (49). The 
fruit is gathered when the calyces are 
plump, crisp and of a deep red color, and 
before any woody matter has formed (3). 
If the calyces are picked promptly after 
attaining full size, the plants continue to 
bloom longer, the harvest is prolonged 
and the yield is materially increased. 

Fiber Extraction 

There are various means of extracting 
the fiber from roselle stalks, all of which 
involve retting in water, except when 
power-driven decorticating machines are 
used. No consistent agreement was 
found in the literature on the best ret¬ 
ting procedure for roselle but, generally 
speaking, most workers (11, 22, 43) 
agree that the stalks are sufficiently 
retted after 8 to 10 days. The work of 
Campese (6) and experiments in the 
Philippines (1) showed that the fiber 
can not be washed until after 14 or 15 
days, and Wester (45) held that the ma¬ 
terial should be rettecl for 15 to 20 days. 
Horst (24) reported that freshly cut 
stalks required 21 days to ret, whereas 
partially dried stalks retted well in 15 
days. 

The variation in the length of the ret¬ 
ting period, as reported in the literature, 
is caused, no doubt, by the greatly di¬ 
vergent environmental conditions under 
which the plants were grown, the dif¬ 
fering stages of maturity of the plants 
at the time of harvesting, the different 
kinds (fresh, stagnant, etc.) and tem¬ 
peratures of the retting water used, and 
the many other differing inter-relation¬ 
ships that were not controlled or con¬ 
sidered. 

The retting process is complete when 
the bark separates easily from the cen¬ 
tral woody cylinder and the fiber washes 
clean. At this stage the bundles of 
stalks are broken open and the fiber is 
stripped and cleaned by hand, after 
which it is dried in the sun. A skilled 


worker can strip 80 to 100 pounds of dry 
clean fiber in a day. 

Extraction by mechanical means ap¬ 
parently has not received attention, since 
there is no reference to the subject in 
the literature. The similarity between 
the roselle plant and the kenaf plant, as 
discussed above, would indicate that 
roselle might also be defibered success¬ 
fully by machine. Large henequen— 
(Agave fourcroydes Lem.)—decorticat¬ 
ing machines have been used in Cuba to 
process kenaf (10). These machines 
scrai)e away the central woody cylinder, 
water and waste material from the stalks, 
leaving the clean fiber which is then 
dried in the sun. 

Yields. The yield of dried fiber per 
unit of area, as reported in the litera 
ture, varied widely according to the soil 
and climatic conditions where the crop 
was grown. The percentage of ex¬ 
tracted fiber from the stalks ranged from 
2.3 percent (28) to 7.9 percent (50). In 
general, the average yield per acre 
seemed to be about 1,500 pounds of dried 
fiber. In West Africa (18), yields of 
600 pounds per acre were reported; in 
Ceylon (7), 1,970 pounds per acre; Dek- 
ker (11), in Java, reported yields of ap¬ 
proximately 1,338 pounds per acre, while 
Michotte (36) reported yields in British 
Malay ranging from 1,115 to, 3,123 
pounds per acre. 

The only reference in the literature 
regarding seed yield is that of Campese 
(6). lie reported that an acre of roselle 
cultivated for seed produced only 357 
pounds of seed, enough to plant about 
18 acres for the production of fiber if 
seeded at the rate of 20 pounds per acre. 

Wester (49) stated that 5,000 to 7,000 
pounds of roselle calyces may be ob¬ 
tained per acre from plantings made 
during May. He noted that with good 
varieties and under favorable conditions 
these yields may be nearly doubled. 
Data from Hawaii (49) bear out this 
fact in that, grown as an intercrop with 
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rubber, roselle yielded 15,000 pounds of 
fruit per acre. In Florida the yield 
varies with the region and conditions of 
growth, but may be anywhere from three 
to 12 or 15 pounds per plant (3). 

Uses and Properties of Roselle 

Fiber. As to the utility and quality 
of roselle fiber, there is considerable dis¬ 
agreement among the various authors re¬ 
porting on the subject. This, however, 
is to be expected, since the conditions 
under which the plants were grown and 
the methods of preparing the fiber dif¬ 
fered greatly. Campese (6) maintains 
that well-prepared roselle fiber can be 
woven into bed clothing, table linen and 
other articles for which cotton is used. 
The fiber is twice as strong as jute, and 
ropes and cables made of roselle, accord¬ 
ing to him, were preferred by the “navy 
and merchant marine’^ because they de¬ 
teriorated little when wet and did not 
rot if left for a long time in salt or fresh 
water. Fishing nets made from this 
fiber, he said, were also extremely re¬ 
sistant and broke only under great 
strain. He stated that fiber from young 
plants is suitable for the manufacture 
of paper. Ettling (15) and Prat (38), 
discussing the characteristics of roselle 
fiber, state that it is twice as strong as 
jute, is very resistant to sea water, and 
can be spun without difficulty. 

Of a sami)le of Hihisciis Sahdariffa 
fiber from the Gold Coast, West Africa 
(18), the Imperial Institute in London 
made a chemical analysis and presented 
the following data in comparison with 
extra fine jute fiber. The fiber was 
stated to be of good strength and had an 
average length of about 5.5 feet, though 
it had been imperfectly prepared. 
From these data it was concluded that 
roselle fiber is somewhat inferior in 
chemical composition and behavior to 
jute fiber, since it lost more on hydrolysis 
and contained less cellulose. 

Frenzl and Bruggeneate (16) found 
in a study of the spinning and weaving 


qualities of roselle fiber from Java that 
it was not inferior in strength to first- 
class jute fiber. They also found that 
the color was better than that of first- 
class Calcutta jute, and that the flexi¬ 
bility was less than in jute. The spin¬ 
ning and weaving of roselle fiber with 
the methods in use for jute gave some dif¬ 
ficulty. Cloth made from roselle yarn 
appeared good, but because of the lower 
flexibility, the cloth and yarn were not 
so strong as that made from jute. They 
concluded that sugar bags made from 
roselle fiber would be usable in the Dutch 
sugar factories, but that the fiber would 
not be suitable in tapestry. Ijack of 

TABLE 4 

Comparison of Roselle and Jute Fiber 



nibisciis 

Sahdariffa 

Extra 

fine 

Indian 

jute 


% 

% 

Moisture . 

8.9 

9.6 

Ash . 

1.1 

0.7 

u hydrolysis, loss 

12.3 

9.1 

1) hydrolysis, loss 

17.8 

13.1 

y\cid purification, loss 

1.5 

2.0 

Cellulose . 

73.9 

77.7 

Length of bast colls .. 

0.08 to 

0.06 to 


0.16 in. 

0.12 in. 


flexibility was the only fault that Oudot 
(37) and Spoon (42) found with sacks 
made from the fiber. 

Other Plant Parts. Howard and 
Howard (25), discussing the uses of 
roselle, stated: “Almost every part of 
the plant can be utilized. The stems 
yield a strong silky fibre known to com¬ 
merce as ‘Rozelle Hemp’. The fleshy 
calyces, which have a pleasant acid taste, 
and a very attractive red color are ex¬ 
tensively used in jellies, chutnies and 
preserves. In the West Indies a cooling 
drink is also prepared from them. The 
seeds are useful in medicine and the 
leaves are employed for salads and cur¬ 
ries”. 

The calyces of the edible varieties of 
Hibiscvs Sahdariffa can be made into 
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a sauce, similar to cranberry {Vaccinium 
macrocarpon Ait.) in color and flavor, 
which can be used as a filler for short¬ 
cakes and pies (49). The calyces can 
be used in the manufacture of jelly, 
sirup, flavoring extracts and wine. Sim¬ 
ilar products may be made from the 
tender leaves and stems, and resemble 
the preparations made from the calyces 
except that the color is less brilliant. 
Because of the similarity in the uses and 
flavor of roselle products to those of 
cranberry products, a comparison of 
their analyses is of interest (49). The 
following of roselle were made on the 
calyx after the refuse, which is about 
50 percent of the weight of the calyx, 
consisting of the seed pod and the stem 
end of the calyx, had been cut away: 

TABLE 5 

ANAIiYSIS OP ROSETiLE CAT.YX AFTER SEPARATION 

PROM Seed Pod and Stem 


Constituents 

JtoaeUc 
grown 
in the 
Philip¬ 
pines 

Poselle 
grown in 
Florida 

Cran¬ 

berry 


% 

% 

% 

Water 

82.49 

88.91 

88.53 

Solids . 

J7.51 

11.09 

11.47 

Ash 

1.26 

0.89 

0.25 

Marc (insoluble 
matter) . . 

7.39 

6.67 

4.60 

Acid (as malic) 

3.31 

2.77 

2.74 

Reducing sugar as 
invert . . 

0.82 

0.33 

1.90 

Sucrose 

0.24 

0.03 

0.10 

Benzoic acid . ... 

Absent 

Absent 

Present 


Heath (20) stated that quince juice 
was often combined with roselle juice 
in jelly-making and that the roots con¬ 
tain saponin. Watt (44) asserted that 
the fleshy calyx is a valuable antiscor¬ 
butic, and is much eaten in the form 
of jellies, chutneys and preserves in 
India. The leaves have been consumed 
there as a salad and in native curries, 
and the seeds have been employed in 
medicine because of their demulcent, di¬ 
uretic and tonic properties. Cook and 


Collins (8) stated that the calyces may 
be preserved by drying and in this con¬ 
dition were sometimes found in tropical 
markets. Leupin (30) told of a drug 
called “karkade^^ that was obtained 
from the red-stalked varieties, the con¬ 
tents of which were oxalic, malic, citric 
and tartaric acids. 

Dunstan (14) reported the nutrient 
value of roselle seeds as somewhat higher 
than that of linseed or cottonseed cake, 
and said this was due to the large per¬ 
centage of fat they contained. The seeds 
were lower, however, in albuminoids and 
contained little or no starch. The 
amount of indigestible matter or crude 
fiber present was particularly large, and, 
on account of this fact and the hard 
nature of the seed coat, the value of the 
material as a feeding stuff for cattle was 
considerably diminished. Dunstan re¬ 
marked that the natives of northern 
Nigeria ground the seed into a coarse 
meal and used it as a food. 

Georgi (17) found that Ilihiscns Sal)- 
(lariffa var. altissima seed contains about 
17 ])ercent of an oil which is very similar 
to both kapok and cotton seed oils and 
can doubtless be used for the same pur¬ 
pose as these oils. 

Summary 

Roselle, Hibiscus Sahdariffa, belongs 
to the family Malvaceae. It is an an¬ 
nual plant that is grown for its bast 
fibers and its edible calyces and leaves. 
Tliere are several varieties, some of 
Avhich are of a tall, comparatively un¬ 
branched type, suitable for fiber produc¬ 
tion, and others arc of a shorter, much- 
branched type, cultivated, generally, for 
their edible calyces. Both types, on the 
basis of color characteristics, have been 
divided into three groups: plants of 
which the stems are red, plants of which 
the stems are green, and plants inter¬ 
mediate between the red- and green- 
stemmed types. Varietal names, based 
primarily on color differences, especially 
in the short, much-branched type of 
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plant, have been given to the two groups 
differing in growth habit. 

Although roselle appears to be adapted 
to wide variations in climatic and soil 
conditions, a well-drained sandy loam 
soil with a considerable quantity of 
humus appears to best meet the require¬ 
ments of the plant. From six to ten 
inches of rainfall per month for three to 
four months is essential for the success¬ 
ful production of roselle fiber. Like¬ 
wise the length of the daily light period 
during the time when the crop is grown 
should be approximately 13 hours or 
greater in order to prevent flower bud 
initiation and subsequent blossoming un¬ 
til after the plants have reached a suf¬ 
ficient height to insure profitable yields 
of fiber. Similar environmental require¬ 
ments are essential for the production of 
roselle fruit (calyces). The growing 
season should be five to six months long, 
accompanied by day lengths of less than 
13 hours during the latter part of this 
period to promote blossoming and sub¬ 
sequent fruit production. 

Planting may be done by broadcasting, 
seeding in rows or drilling, but the last 
method seems to be preferred for fiber 
production. The optimum planting dis¬ 
tance is dependent upon soil fertility 
and related factors, but, generally speak¬ 
ing, for fiber production a distance of 
from four to eight inches between plants 
in rows six to twelve inches apart has 
been used. Planting distances for seed 
or fruit production are considerably in¬ 
creased. Weed competition during the 
early part of the growing season should 
be kept at a minimum. 

Upon harvesting, the plants are either 
pulled up by the roots or cut off at 
ground level. The stalks are tied in 
bundles and retted in water, or the cor¬ 
tex may be stripped from the stalks in 
the field, tied in bundles and retted. 
Generally retting is complete in from 
eight to ten days. The fiber is then re¬ 
moved, washed and dried. The yield of 
dried fibei? varies from 1,000 to 2.000 


pounds per acre, depending upon soil, 
environmental conditions and other fac¬ 
tors. Fruit yield may reach as high as 
15,000 pounds per acre. 

Roselle fiber may be employed in the 
manufacture of sacking material, ropes 
and cordage of all kinds, fishing nets 
and articles for which jute fiber is used. 
The enlarged fleshy calyces seem to offer 
an excellent substitute for cranberries 
and may be used as a filler for short¬ 
cakes and pies, and in the manufacture 
of jelly, sirup and flavoring extracts. 
Roselle seed contains about 17 percent 
of an oil which is similar to both kapok 
and cotton seed oils. 

If roselle is to become a commercially 
important crop in this hemisphere, me- 
chani(*al methods of planting, harvesting 
and fiber extraction will have to be de¬ 
veloped. Mechanical methods now used 
in the production of kenaf seem adapt¬ 
able. 
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Essential Oils. When Old-World 
sources of essential oils, on which consumers 
of those oils in the U. S. A. have been to a* 
very large extent dependent, were cut off by 
World War II, numerous attempts were 
made in North, Central and South America 
to produce the same oils or others that might 
take their places. Many important econ¬ 
omic and technical considerations, discussed 
in this article, were overlooked by would- 
be producers in seeking these replacements. 

In the U. S. A., for instance, because of 
high labor costs, essential oils can be success¬ 
fully produced commercially only as by¬ 
products, for example, citrus oils, or only 
when the plants can be cultivated and har¬ 
vested by machinery, as in the production of 
the peppermint and dill oils of the West. 
For the same labor cost reasons, attempts 
to produce eucalyptus oils on a large scale in 
California had to be forsaken. Commercial 
use of wild plant material in the U. S. A. 
is likewise limited. Native wintergreen oil 
[Gmdtheria procumbens] and sweet birch 
oil [Betiila lento] have attained some im¬ 
portance, and among the hewer oils from 
wild plants is that of wild carrot, or Queen 
Ann^s lace [Bancm Carota], The American 
product is distilled from the whole herb, 
whereas the French carrot oil is obtained 
only* from the seed. 

In California an essential oil has been pro¬ 
duced on a small scale from the mountain 
laurel, or California bay tree (Umhellularia 
californica), which is not to be confused 
with commercial laurel-leaf oil distilled from 
Lauriis nobiJis. The California oil has an 
annual consumption in the U. S. A. of per¬ 
haps only 100 pounds, and utilization of 
greater quantities by conversion of the um- 
bellulone in the oil through hydrogenation 
into thymol must compete with already 
established large scale production of thymol 
from parcymene, a very cheap starting 
material. 

Ocimum oils and the oil from the wild 
American sage, Artemisia tridental a, contain 
large amounts of natural camphor, “but the 
cost of the camphor separated from the oils 
is higher than that of the synthetic product 
manufactured from pinone obtained from 
turpentine^\ 


Vetiver oil, distilled from the roots of very 
old wild plants [Vetiveria zizanioides] in 
Haiti, was accepted in the trade only when 
the war cut off the supply of better oil from 
the roots of highly cultivated plants, usually 
not more than two years old, in Reunion and 
Java. The American oil has continued to be 
in demand since it was once accepted, and 
production of it in Haiti is increasing. 

Other attempts to produce essential oils 
that have been commercially unsuccessful 
because of economic and technological dif¬ 
ficulties, include patchouly {Pogostemon 
Cablin] in the Western Hemisphere, sweet 
basil oil {Ocimum Basilicum) in Haiti, lav¬ 
ender oil [Lavandula officinalis] in the 
State of Washington, and ylang ylang [Can- 
angia odorata] in Honduras. 

Despite the foregoing and other difficulties 
a.s.socialed with the development of new 
sources of essential oils, the following new 
ones for the Western Hemisphere show 
promise of commercial succ(*ss: 

I. South American Oils 

OIL OF OCOTEA PRETIOSA or OIL 
OF OCOTEA CYMBA RUM :-~Formerly 
known as “Brazilian sassafras oil" About 
200 tons produced annually in Brazil, (.'on- 
tains about 90% safrole, an imi)()rtant isolate 
and intermediate for isosafrole and heliotro¬ 
pin, both important perfume and flavoring 
ingredients. “The unavailability, due to the 
war, of the usual sourct* of safrole (namely, 
Formosan, Japanese and Chinese camphor 
oil fractions) caused the immediate ac¬ 
ceptance of this Brazilian product”. 

OIL OF MENTHA ARVENSIS:— 
Brazilian production has decreased from 
about 2,000 tons in 1945 to about 150 tons in 
1947. “Substantial quantities of this oil have 
been produced in Brazil, primarily for the 
isolation of natural /-menthol of U. S. P. 
(juality.' Neither the oil nor the dementholized 
oil can be used as a pharmaceutical in the 
United States because the official U. S. P. oil 
must be distilled from Mentha piperita. 
Importation is permitted only under affi¬ 
davit”, and its use must be other than as a 
pharmaceutical. 

OIL OF SWEET ORANGE [Citrus 
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sinensis] :—Brazilian production has de¬ 
creased from about 120 tons in 1926 to about 
40 tons in 1947, but ^^has eased the situation 
caused by the temporary disappearance of 
sweet orange oil from French Guinea”. 

OIL OF MANDARIN [Citrus nohilis 
var. deliciosa ]:—About 1,000 kilograms 
produced annually in Brazil. The oil was 
accepted in the trade when Italian imports 
were suspended. It differs from the Italian 
product in being machine-pressed instead 
of hand-pressed and in being deep green 
instead of yellow. 

OIL OF EUCALYPTUS — Cineolc type 
[Eucalyptus globulus ]: — Potential pro- 
ductii^n is very great, since many hundreds 
of thousands of trees have been planted in 
South America, but “competition with the 
long established Australian oils will prove 
difficult”. 

OIL OF EUCALYPTUS CITRJODORA: 
—Ten to 12 tons produced annually in Bra¬ 
zil. “This oil contains the aldehyde, citronel- 
lal, as its main constituent. Large quantities 
of citronellal are used in this country for 
conversion into hydroxy-citronellal and into 
synthetic menthol.” 

OIL OF CABRKUVA [Myrncarpus fron- 
dosus]. Production figures are unavailable, 
but in 1946 more than 700 kg. were exported 
from Santos alone. “The oil has excellent 
fixative projicrties, and has the very soft odor 
characteristic of a sesquiterpene alcohol. 
Whether or not it will win a permanent place 
in commerce is still uncertain and will depend 
primarily upon the price of the oil.” 

II. Central American Oils 

OIL OF CITRONELLA [Cymhopogon 
Nardus] :—About 200 tons produced annu¬ 
ally at jiresent in Guatemala, Honduras and 
Haiti where this plant has been successfully 
introduced. The oil is well established in 
comiiK’rce today in competition with that 
from Java. 

OIL OF LEMONGRASS [Cymbo}wgon 
citratus] :—About 30 tons produced annu¬ 
ally in Guatemala and Honduras in competi¬ 
tion with oil from the East Indies. “This 
oil is an important source for the aldehyde, 
citral, useful in flavors and also as an inter¬ 
mediate for the production of the ionones”. 
OIL OF EUCALYPTUS STAIGERI- 


ANA .—A few hundred pounds produced an¬ 
nually. “In addition to citral, the oil ap¬ 
pears to contain geranyl acetate and geraniol, 
resulting in a very pleasant fruity, lemon¬ 
like odor and flavor.” 

OIL OF CORIANDER [Coriandrum sati¬ 
vum] :—Very small quantities produced in 
Guatemala, and commercial acceptance still 
uncertain. 

III. West Indian Oils 

OIL OF NEROLI —Production in Haiti 
very variable, but up to 1,000 pounds could 
be produced annually if necessary. “It is 
distilled from the flowers of a variety of 
orange (probably the bitter-sweet) different 
from that cultivated in Europe. The flowers 
are collected from semiwild and wild-growing 
trees Avhich have escaped from cultivation 
long ago. Besides, the plant material is not 
carefully selected and is often admixed with 
flowers from the shaddock, parent plant of 
the American grapefruit. The odor is quite 
different from the oil neroli bigarade pro¬ 
duced in France”. 

OIL OF PETITGRAIN:—[From the 
leaves and twigs of both bitter and sweet 
oranges]. About ten tons produced annu¬ 
ally in Haiti. 

OIL OF VETIVERAbout ten tons pro¬ 
duced annually in Haiti. “The Haitian oil 
is distilled from the very old roots of semi¬ 
wild growing plants [Vetiveria zizanioides]. 
Although the odor differs somewhat from the 
Java and Reunion types, the oil has been ac¬ 
cepted by the trade”. 

OIL OF LEMONGRASS:—About ten 
tons produced annually. 

IV. North American Oils 

OIL OF TANGERINEUp to ten tons 
could be produced annually in Florida if the 
demand warranted. “This oil is obtained as 
a by-product from the canning of tangerine 
juice. Substantial quantities are potentially 
available. The oil cannot replace any of the 
other citrus oils. The Florida tangerine oil 
apparently contains no methyl ester of N- 
methyl anthranilic acid, or if this ester is 
present, it occurs in traces only. Hence the 
oil is very different from mandarin oil. The 
trade has not generally accepted this oil as 
yet. Recent samples extracted in new types 
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of juice and peel presses had a much im¬ 
proved odor and flavor, approaching the true 
character of the tangerine peel”. 

OIL OF LEMONGRASS :~No production 
in Florida at present. ‘^Lemongrass was 
planted as a supplementary crop by a sugar 
cane grower. After distillation of the oil, the 
exhausted plant material was mixed with mo¬ 
lasses residues and used as a cattle food. 
Production of this oil has recently been dis¬ 
continued for economic reasons”. 

OIL OF CEDARWOOD:—Large poten¬ 
tial production in Texas. “This oil is dis¬ 
tilled from Jiiniperus mexicana Schiede, and 
not from the Junipems virginiana L., the 
source of the cedarwood oils of the South. 
The two oils are quite similar in composition, 
but the new Texas product appears to have 
a somewhat harsher odor. Analytically, the 
main difference observed is the much greater 
laevorotation of the Texas product. Large 
quantities of oil can be made available if the 
demand should warrant it”. (E. S. Guenther 
dt E, E. Langenau, Proc. Sci. Sect.^ The 
Toilet Goods Assoc., Nov. 8, Dec. 1917). 

Cannery Residues. Cannery residue 
wastes in the United States, amounting to 
thousands of tons annually, have been found 
to contain “sugars, oils, pectins, waxes, pro¬ 
teins, tannins, acids, enzymes and a variety 
of other organic compounds”. These are con¬ 
tained in the waste pits of apricots, peaches, 
prunes, olives and cherries; the shells of 
walnuts, filberts and almonds; seeds of 
apples, tomatoes, grapes, citrus fruits and 
melons; leafy and butt trimmings; fruit 
skins, cores and trimmings; peels and rinds 
of melon and citrus fruits; pomace from 
juice factories and wineries; steins, pods, 
hulls, cobs, husks and vines. 

If the technological and economic problems 
associated with recovering these materials 
can be solved, there are great possibilities for 
new byproducts industries. Investigations 
toward this end have been pursued by many 
Federal, State and private agencies. The 
results of these studies so far have shown, 
among other things, that: 

a) Leafy wastes, more so than stem wastes, 
from beets, spinach, broccoli, carrots, cab¬ 
bage, cauliflower, kale, lima beans, peas. 


rutabagas, tomatoes and turnips contain a 
rich supply of carotene, riboflavin and 
protein. 

h) Broccoli meal is nutritionally better 
than commercially produced alfalfa meal for 
poultry feed supplement, and meal from 
turnip and carrot tops is as good as alfalfa 
meal. 

c) Lima bean wastes, pea vines, pea pods 
and asparagus butts may be found to yield 
valuable meal, either alone or in mixture 
with alfalfa. 

d) Asparagus-waste juice is of use in 
culturing Bacillus subtilis to produce the 
antibiotic subtilin. 

e) “Corncobs, oat hulls, cottonseed hulls, 
flax shives, peanut shells, and rice husks are 
being utilized by the duPont Company to 
manufacture a key intermediate product for 
nylon. A new million dollar plant at Niagara 
Falls, New York, was built by duPont to 
study further this problem of utilization”. 

/) “The Western Regional Research Lab¬ 
oratory has recently developed a new pro¬ 
tective coating for meat and other products, 
made from citrus peel, apple pomace and 
vegetable waste products. A soluble pectinate, 
treated chemically, forms a gel or film to 
provide a very strong protective film. This 
film will dissolve when the product it covers 
is boiled and it may be left on and eaten as it 
is tender and edible”. 

g) Fermentation of pear waste—45^^ of 
the raw product—might yield alcohol, vita- 
min-B, glycerol, acetone, butyl alcohol, arnyl 
alcohol, manite, pyruvic acid, yeast, syrup 
and vinegar. In 1947 there were 96,000 tons 
of waste from pears. 

h) Apple peels and cores have been used 
for syrup; a syrup from concentrated apple 
juice has been used by one cigarette manu¬ 
facturer to replace glycerin; and apple 
waste is the source of manufactured pectin 
and wax. 

i) “Three products—ursolic acid, cran¬ 
berry wax and oil—have been produced on a 
limited scale to utilize cranberry wastes. The 
acid might well be an excellent ingredient for 
cosmetics and has already proven to be a 
good water-in-oil emulsifying agent. It has 
been said that a cream prepared from the 
wax and ursolic acid is an excellent medicine 
for burns”. 
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j) Apricot, peach and cherry pits yield a 
refined sweet oil suitable for cooking, phar¬ 
maceuticals, cosmetics and packing sardines. 
^^Bitter almond oil, recovered from sweet oil 
press cake, may be used as a medicinal with¬ 
out further treatment. Apricot kernels pro¬ 
vide the source of practically all the macaroon 
jiaste used by bakers. Ground apricot and 
peach pits may be used as dynamite base, 
wood flour for plastics or for the preparation 
of absorbent charcoals. Acetic acid, acetone 
and charcoal are products of whole peach pits 
which have been dried”. {E. H, Wiegand, 
Chemurgic Digest 7(1): 9. 1948). 

Peanuts in Africa. As one measure of 
meeting the world-wide shortage in fats and 
oils, the British Govemment, in December, 

1946, adopted a “Report of a Mission to In¬ 
vestigate the Practicability of the Mass Pro¬ 
duction of Groundnuts in East and Central 
Africa”. This report recommended the es¬ 
tablishment of 107 mechanized units, each of 
30,000 acres extent and all totaling nearly 
31 million acres (over 5,000 square miles), 
80 of the units for Tanganyika Temtory, 17 
for Northern Rhodesia and 10 for Kenya. 
This ambitious project, involving enormous 
expenditures and problems in introducing 
mechanized farming to unoccupied agricul¬ 
tural land, was regarded as capable of pro¬ 
ducing 50,000 tons of groundnuts, or pea¬ 
nuts, in 1948, and a maximum of 400,000 
tons by 1951. Combatting malaria and sleep¬ 
ing sickness is only one of the problems in¬ 
volved, and eventually, it is estimated, 
100,000 people will be engaged in the under¬ 
taking. The first crop was gathered in May, 
1948, from 7,500 acres planted in December, 

1947. 

“To the average consumer of iM*anut but¬ 
ter, salted peanuts, or peanut candy (the 
three widest uses in the United States) the 


food has no great significance beyond its 
agreeable taste. Few realize, for instance, 
that peanuts are one of the six basic food 
crops in the United States, that peanut pro¬ 
duction in the United States is worth three 
times that of rye, or that as a cash crop, in 
the State of Georgia, peanuts are a close 
runner-up to cotton. 

“Nobody was much interested in cultivat¬ 
ing peanuts in the United States until the 
first years of this century when the arrival 
of the boll weevil from Mexico compelled 
Southern farmers to turn some of their at¬ 
tention from cotton to peanuts. In 1909, 
around 550,000 acres of peanuts were picked 
and threshed. By the middle years of World 
War 11 this figure had increas^nl seven times. 

“In 1938 the United States was still far 
from being a leading exporter of peanuts. 
India, producer of nearly three-quarters of 
the quantity that entered into world trade, 
led the list. Senegal, China, Japan and 
Nigeria furnished the next largest amounts. 
The biggest importers were France, Britain, 
Germany and the Netherlands, countries 
which processed the nuts and then (except 
for Germany) were the largest exporters of 
peanut oil. 

“The war brought many changes in pro¬ 
duction and export patterns. India, the 
leading pre-war exporter, sent out none in 
1946. British East and West Africa (in¬ 
cluding Nigeria) jumpted into first place, 
followed by French West and Equatorial 
Africa (including Senegal). China and 
Japan dropped right out of the picture, 
leaving the United States in third place, 
although her exports were not high. The 
continent of Africa is today supplying most 
of the word exports of peanuts and peanut 
oil”. (Not Just Peanuts. Puhl. hg British 
Information Services, 19IS). 
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A Chemurgic Survey of the Desert Flora 
in the American Southwest 

While commercial utilization of the desert Hora in 
the American Southwest is still scarcely begun, there 
are possibilities of obtaining stock feed, alcohol, 
paper pulp, sugars, starches, resins, gums, alkaloids, 
oils and other extractives from the xerophytic plants 
or the region. 

ROBERT R. CRUSE^ 

Battelle Memorial Institute 
Columbus, Ohio 


Introduction 

The semi-arid lands of the Southwest 
stand out as one of the largest unde¬ 
veloped regions of the United States. 
There are approximately 100,000 square 
miles in this area covering Arizona, 
Nevada, southern New Mexico, and parts 
of Texas and California. The mean an¬ 
nual rainfall is 15 inches or less. The 
flora of the region is utti(jue and consists 
largely of cacti and other xeroi)hytic 
vegetation which up to the present time 
have been of little commercial use and 
serve mainly as a part of the landscape 
arousing the admiration of passing tour¬ 
ists. 

The need for domestic ami replenish- 
able sources of many raw materials has 
been amply emphasized by World War 
ir. It is hoped that this article may 
serve to extend the horizons of possibili¬ 
ties in this direction, by presenting a 
survey of past investigations and of 
work now in progress on the utilization 
of various plants of the American South¬ 
west and northern Mexico. Attempts 
to utilize these plants heretofore have 
been limited, primarily because of the 
economic factors involved. 

1 Present address: Et. 7, Box 478, Tucson, 
Arizona. 


Stock Feed 

The utilization of desert plants for 
stock feed is perhaps the most promising 
possibility. A large part of the region 
serves as a grazing range for livestock, 
especially cattle, and it is not surprising 
that this field was investigated as early 
as 1907 (35, 36). At that time cacti 
were shown to comj)are favorably wdth 
ordinary green fodders and root crops. 
Ash analysis showed large amounts of 
calcium, magnesium and potash. 

One of the most recent experiments 
was carried out in 1945 by Valley 
Vitamins, Inc., a subsidiary of Godfrey 
1j. ('abot, Inc., in their vitamin-A plant 
at McAllen, Texas. A half-ton of 
prickly pear cactus was dehydrated and 
showed a protein content between 7 and 
8 per cent. Corn has a protein content 
of slightly over 10 per cent. According 
to Mr. Ij. M. Salmon, manager of the 
plant, research on the prickly pear Avill 
be continued. 

Patents have been granted on various 
methods of processing cacti for stock 
feed, including incorporation of the 
crushed plant into cottonseed meal (33) 
and digestion of the cacti in their own 
juices to render all parts edible, includ¬ 
ing the spines (9). 

Yucca, too, has been considered as a 
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stock feed. Analysis yields, on a dry 
weigrht basis, 4.4% protein, 6.7% ash, 
1.5% fat, 3.2% fiber, 49.2% carbohy¬ 
drates. Yucca may yield 1,000-2,000 lbs. 
of green plant per acre (4). 

Sarcobatus vermiculalus (Hook.) Tor- 
rey, the common grease wood, is undesir¬ 
able as*a stock feed because of its oxalate 
content, even though no alkaloids, gluco- 
sides, saponins, cyanates or similar eom- 
])ouiids are present. The oxalates are 
present as the sodium and potassium 
salts in the ratio of 4:1 (21). 

Alcohol 

The various species of cacti contain a 
large amount of fermentable sugars, or 
starches and carbohydrates which can be 
converted to fermentable sugars. Alco¬ 
hol is obtainable from these sugars 
by conventional fermentation methods. 
The cacti are digested in water under 
slight pressure at 120° to 135° C., the for¬ 
mic acid formed is blown off, and the 
licpiid is fermented with yeast and am¬ 
monium pho^sphate (62, 63). With 
prickly pear cacti the plant pulp is ad¬ 
justed to 4%-14% acidity with tartaric 
acid. After fermentation the crude beer 
contains about 9.2% ethanol by volume 
(44). 

It is interesting to note that in certain 
kinds of cacti, ethanol and acetaldehyde 
are present in the fresh plant in small 
amounts. Concentration of these in¬ 
creases somewhat in the absence of oxy¬ 
gen (37). Attempts have also been 
made to hydrolyze mesquite wood (Pro- 
sopis spp.) fiber for the production of 
alcohol. 

Species of Agave have been used many 
years in the production of a fermented 
liquor called “pulqueWhen this 
liquor is distilled the potent mescal— 


called '‘tequila'’ in some parts of Mexico 
—is produced. Commercial ethanol pro¬ 
duction from Agave has not been at¬ 
tempted, so far as is known, because 
pul(|iie and ineseal production takes the 
entire supply of raw material. 

Paper and Cellulose 

Several of tiie desert plants, notably 
yucca {Yucca spp.) and sisal, contain 
long strong cellulose fibers which are ex¬ 
cellent for making heavy kraft paper. 
One such paper, which is commercially 
available, exhibits unusually high tear¬ 
ing resistance. It is quite resistant to 
war and has been used as flashing and 
weatherstripping material in liouse con¬ 
struction, and for other uses requiring a 
tough paper. The fibers have also been 
used in making burlap and bagging, and 
those of some species could be used for 
cordage. 

Possibly the most important of these 
species is Yucca glauca Fraser, colloqui¬ 
ally known as “bear grass” or “soap- 
weed”. A large acreage of this plant 
grows in the area under consideration. 
During World War II a considerable 
amount of it was shipped to a paper mill 
near the Pacific Coast where the fiber 
was extracted and made, for the use of 
the Navy, into the type of paper men¬ 
tioned above. 

In harvesting Y. glauca and similar 
flexible leaved species, such as Y. data 
Eng., the practically stemless plants are 
(Mit at the ground and allowed to dry in 
the field. This requires about two weeks, 
after which the plants are gathered 
somewhat like hay, hauled to a central 
location and compressed into 300-pound 
bales which yield over 100 pounds of 
paper pulp. 

It has been found that the fiber from 


Fig. 1 {Upper). Guayule, Fnrthenium argentatiimf one of the recognized secondary sources of 
rubber that have been exploited to some extent. 

FlO. 2 {Lower). Prickly pear, Opuntia Engelmani\ the flat stems of which offer a possible com¬ 
mercial source ot stock feed in the Southwest. The large but poorly flavored edible fruit is rarely 
eaten, even by the Indians. {Courtesy of Esther Henderson^ Tucson, Arizona). 
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rigid-leaved (bayonet) yuccas is over strength of Manila is rated as 62 kilo- 
30 per cent stronger than the fiber from meters, or about 38 miles, long before it 
the flexible-leaved species and has but will break under its own weight. In 
slightly less tensile strength than Manila, comparison the fiber from species of 
the strongest rope fiber. The tensile rigid-leaved yuccas varies from 54 to 61 



Fig. 3. Yucca haccata in southeastern Arizoii.u The fibers of t!iis and other species of Yucca 
have been the subject of considerable technical and patent literature in connection with their use 
in paper-pulp. {Courtcuy of I'Veatern Ways). 
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kilometers, wmle that of steel is less than 
ten. Therefore, for equal weights of ma¬ 
terial these natural fibers are approxi¬ 
mately six times as strong as steel 
However, sitiee steel is more dense, it is 
stronger for an ecjual cross section. Ac¬ 
cording to Botkin (13), if the stockpile 
of Manila fiber had not been large in 
1941, the Navy probably would have 
utilized yucca fiber for rope in addition 
to their use of the flexible leaf fiber 
for pajier. Although yucca fibers are 
known to be a desirable raw material, 
active harvesting programs have been 
sporadic because only the wild plants 
have been used. The Government built 
a $25(),()()0 plant at Kingman, Arizona, to 
extrac't the fiber, but production was 
small and tin* ])lant is no longer in opera¬ 
tion. 

The ]nM*])aration and use of yucca and 
similar fibers for paper-making has been 
the s\d).jcct of considerable technical and 
pa1(‘nt literature. The basic ])rocess in¬ 
volves digestion of the raw fibers with 
<‘austi(' f57) or caustic and alum (41), 
washing and drying. Various modifica¬ 
tions, es])ecially in the machinery used, 
are elaimed to improve both yield and 
(juality of the fiber obtained (15, 20, 5fi, 
()1). (’Innuical variations include diges¬ 
tion of the fibers in solutions of zine 
sidfate (45) and sodium carbonate HO). 
IMuch of the work on yucca has been of 
German origin (19, 20, G7), and there are 
surveys (11, 53) of the work in Germany. 
Th(‘ German yuc'ca fibers appear to be 
similar to those of the North American 
])lant. The latter has been surveyed 
in IMexico (23) and in New Mexico (12). 
The entire subject of the utilization of 
desert plant fibers has also been reviewed 
(13). 

A small amount of work has been done 
on the cacti. The Sardinian cactus 
(02)iinfia ficus-indica L.), treated with 
electrolytic alkali hypochlorite at ordi¬ 
nary temperature, gave a completely 
white and relatively pure lignin-free 


cellulose with yields of 35%--41%. The 
alpha-cellulose content was 76%-81% 
(24). This work was probably done on 
the entire plant, including both the pulp 
and- the woody skeleton. Apparently 
some value is placed on the skeleton alone 
as a source of fiber-like material (1). 
Reference is made only to the process of 
loosening the pulp from the skeleton 
wdth steam and then removing the pulp 
mechani(‘ally. 

Another plant for which potentially 
new uses might be found is Nolina 
Texana AVatson, or ‘‘Sacahuiste^’. This 
plant, which grows abundantly in parts 
of New Mexico, is edible but cannot 
be classed as an important feed. Tn fact, 
cattle cat tiie grass to the ground around 
Xoliua clum])s, evading the coarse rough 
leaves of the plant. Xolhia grows in 
large bunches. The loaves, which are 
from two to five feet long and less than 
one-half inch wide, are high in cellulose 
and contain about 48t; of crude fiber. 
They have b(‘en used iji the making of 
long, rather stiff brooms for street clean¬ 
ing, and a])parently w^ould be satisfac¬ 
tory for baskets and mats. The plants 
are harvested by cutting at the base, and 
after drying are tied in bundles with 
the roots at tlie same end of the bundle. 
Tn this condition, according to Botkin 
(13), XoJina may bring 40 dollars “per 
ton at the baler. Here the ends are 
trimmed so as to make 18-24-irich 
lengths before being baled in a broom- 
corn baler. The native supply is much 
in excess of the broom requirement, and, 
since the leaves are high in cellulose, it 
is hoped that other uses may be found 
for this material. 

Pulp and j)aper resear(‘h on mesquite 
wood is being planned by the Texas 
Forest Service (45a). Studies of first 
priority will probably involve use of a 
digester and w^t lap machine with tht 
thought that this type of small localized 
pulp industry will be of most practical 
application to the region. The wet lap 
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Fig. 4 (Upper). November scene in a mcsquite grove of Texas. (Courtesy of Texas Forest 
Service). 

Fig. 5 (Lower). Agave sp. under cultivation in Jalisco, Mexico, for fermentation into the po¬ 
tent beverage pulque which is imbibed as such by the natives or is distilled into equally intoxi¬ 
cating mescal, or tequila. (Courtesy of Western Ways). 
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Fig. 6 {Upper). Mesquite, Prosopis juliflora D 1 , near Tucs’)n, Arizona. The pods of this and 
other species of Prosopis are used as food hy In lians and Mexicans, and gum of commercial value 
IS exuded on the stems. {Courtesy of Western Ways). 

Fig. 7 {Lower). Creosote hush, Larrea trident jfa (DC) Cov., a possible commercial source of 
resins. {Courtesy of Western Ways). 
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pulp could then be shipped to a lar 5 i:e 
centrally located mill for fabrication and 
treatment. 

Sugars and Starches 

Starches of the type of cornstarch or 
other domestic ^rain starches either have 
not been found or have not been investi- 
frated in the various cacti and desert 
plants. An extended investigation on 
the jriims of mesquite and cholla revealed 
that /-arabinose, d-galactose, /-rhamnose 
and »:1 neuronic acids make up the major 
part of the j*:um structure (2, 3, 54). 
Each fraction is capable of bein^* isolated 
by acid hydrolysis. Fructose, fructo- 
sans, dilevans and pflucose are present in 
scA’cral species of Yucca (26, 55). The 
beans of the mesquite contain pentosans, 
jrabictans and other carbohydrates, while 
the bean pods are rich in sucrose. Spoehr 
(60 I has presented a summary of the 
ty])es of su}*:ar in the cacti. 

Resins and Gums 

Sev(‘ral species of the (Jesert plants 
under discussion yield resinous jrums. 
In an investijration (3) of mesquite "um 
emphasis Avas on the sugars obtainable 
from the jjum, rather than on any use of 
the ^nim as such. Diaz (25) distilled 
mes({uite <>:um and obtained a wax Avhich 
a])p(*ars to haA^e possibilities as a re])lac(*- 
ment or substitute for ^\\m arabic. 

(’holla ^ium from Opuniia fulgida 
Enjj*'., Avas found to be insoluble in the 
usual organic soWents, but Avas soluble in 
aqueous ammonia or alkali (10). Hy¬ 
drolysis AAuth 4/{ a(|neons sulfuric acid 
yielded <?lucose and pentosans. Other 
species of Opuniia, especially the prickly 
pear A^arieties, yield a mucilajre which 
(*an be used advantai*:eously as an ad¬ 
hesive material in Bordeaux mixture, 
Paris green and similar sprays in aque¬ 
ous suspension (23). The performance 
of DDT and other insecticides might 
possibly be improved by addition of this 
mucilage to the spray. 


The IT. S. Rubber Co. has recently in¬ 
vestigated the extraction of resins from 
the creosote bush (Larrea tridentata 
(DC.) Co\\) at San Simon, Arizona. 
Several drugstores in the region of Tuc¬ 
son, Arizona, sell mesquite and cholla 
gum for A^arious uses, but the business is 
mostly local. 

Pharmaceutical Products 

“Peyote’’ is the colloquial name for 
a group of cacti in the genus Lopho- 
phra, especially L. Williamsii (Lem.) 
Coult. These grayish-green spineless 
cacti grow on both banks of the Rio 
Crande, and in Mexico as far south 
as Hidalgo. They are rather insignifi¬ 
cant in appearaiK'e, and the greater part 
of each ])lant consists of root. The alka¬ 
loids of peyote, or mezeaP (mescal), are 
localized in the internal cells of the corti¬ 
cal parenchyma of the top or croAvn of the 
plant. The crowns, ('ut off and dried, 
form small discs called “mezeal but¬ 
tons” Avhich Avhen eaten cause a peculiar 
tyi)e of intoxi(‘ation; the j)lant is there¬ 
fore sometiiiK^s called “dry Avhiskey”. 
One of the alkaloids is capable of pro¬ 
ducing indescribably beautiful colored 
hallucinations Avhich occur along AAuth 
increased respiration, hypertension, 
muscular incoordination, and in some 
(*a.ses convulsions. No mental disturb¬ 
ances are i)roduced, hoAvever. 

IlaA^elock EUis gives the following 
description of the visions that came to 
him Avhile under the influence of peyote. 
“Every color and tone conceivable to me 
appeared at some time or another. . . . 
'At fir.st there was merely a vague play of 
light and shade Avhich suggested pictures, 
but never made them. Then the pictures 
became more definite, but too confused 
and crowxled to be described, beyond 
saying that they were of the same gen¬ 
eral character as the images of the 
kaleidoscope: symmetrical groupings of 
spiked objects. Then, in the course of 
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the evenins:, they became distinct, but f>reeu stones, ever chanjting. At the 
still indescribable—mostly a vast field of same time, the air around me seemed to 
golden .iewels, studded with red and be flushed with vague perfume, produc- 



Fm. 8. Opuntia fulgida, the common cholla of Arizona, from which a gum of possible indus- 
trial value can be obtained. {Courtesy of Esther Henderson^ Tucson, Arizona), 
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ing with the visions a delicious effect, 
and all discomfort had vanished except 
a slight faintness and tremor of the 
hands 

Intoxication from peyote is singular 
in that consciousness is never lost, con¬ 
trol of the limbs is maintained, a feeling 
of well-being is experienced, no urge to 
commit any act of violence is induced, 
and rarely are there uncomfortable 
after-effects. The question as to whether 
peyote is habit-forming is still unsettled, 
but observations tend to suggest that it 
is not. The Indians do not use it habitu¬ 
ally but only on occasions of ceremony 
and as a therapeutic agent. They con¬ 
sider it as the greatest of medicines. 

When the Spaniards came to Mexico 
they found that the peyote was wor¬ 
shipped by the natives. In spite of four 



Fig. 9. Peyote, Lophophora WiUiamsii 
(Lem.) Coult. These small, grayish-green, 
spineless cacti are mostly root, but their crowns, 
when cut off and dried, form ‘ * mescal buttons ’ ^ 
which contain powerful narcotic alkaloids and 
provide the basis of worship by certain Indian 
tribes of the Southwest. (Courtesy of Nature 
Magazine). 



Fig. 10. The crown of peyote which, when 
cut off and dried, constitutes mescal buttons 
the alkaloids of which have a molecular structure 
baaed on B-phenyl ethylamine. (Courtesy of 
Nature Magazine). 

centuries of civil and religious opposi¬ 
tion this worslii]) has not died out in 
Mexico among the Indians; in fact, 
circumstances attendant upon the spread 
of white man^s culture throughout North 
America have made it possible for the 
])eyote religion of Mexico to diffuse in a 
modified form to morei than 30 Indian 
tribes of the United States. 

Many tribes, far removed from the 
home of peyote, are supplied by mer¬ 
chants on the Rio (Irande in Texas, and 
a large trade has grown up in mezeal 
buttons. However, no attempt has been 
made to cultivate peyote, so far as is 
known, either for its intoxicating effect 
or for extra(*.tion of its -alkaloids. Many 
of these alkaloids have been found to have 
a molecular structure based on the beta- 
phenyl ethylamine skeleton. The latter is 
also the skeleton for the adrenal and sym¬ 
pathomimetic drugs. Spath and his as¬ 
sociates (59) at the University of Vienna 
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extensively investigated the anhalonium 
alkaloids obtained from a Mexican species 
of peyote, Kchinocactns Lewinii Hen¬ 
nings (Syn. Mammillaria Williamsii 
Coulter), and named them anhalamine, 
anhaline, anhalinine, anhalonidine, an- 
halonine, lophophorine, mezealine, N- 
aeetylmezcaline, N-methyl mescaline, O- 
methyl-d-anhalonidine and pellotine. 

Spath\s work covered the fundamental 
research and structure proof of these 
compounds, but did not olfer any applica¬ 
tions, medicinally or otherwise. The 
various isocpiinoline structures may be 
regarded as cylicized N-alkyl-beta phenyl 
ethyl amine derivatives. 

From the Sahuaro cactus {Ccrcus 
{Carmigica) gigantca/Rn^e^.) an alkaloid 
was isolated (38), and Roca obtained 
three others from the Mexican cactus 
Pachycereus margimtiis, (DC) B & R.— 
cereine, pachycereine, ochotorenine. No 
further work has been reported on this 
investigation since Roca’s initial paper 
in 1931. In South America Du Cloux 
(28) investigated the cactus species Tr/- 
cocereus sp. aff. T. Terschecki, and found 
it to contain an alkaloid having malic 
acid as the main acid principle, but no 
phenolic groups, which seem to be so 
prevalent with the anhalonium-type 
alkaloids. The fresh plant of Trichoc ev¬ 
ens candicans (Gillies) B & R, containing 
95% water, was found to have on this 
wet basis, 0.05% each of anlialiue and a 
quatenary anhalonium base (49). 

The rayless goldeiirod (Aplopappus 
Hartwigi (A. Gray) Blake) also contains 
alkaloids and pyridine (16), but again 
no use has been found for the extractives. 

An unidentified alkaloid, resembling 
candicine and nicotine in physiological 
action, has been obtained from Oereus 
coryne Salm-Dyck, a large tree cactus 
(7). The material was thought possibly 
to be a dihydroxy phenyl triethyl am¬ 
monium compound. By extracting mez- 
cal with 70% alcohol, peyotline, an- 
halonine and lophophorine are obtained, 


and can be isolated in the form of these 
hydrochlorides (64). 

The pharmacological properties of cac¬ 
tus alkaloids have been studied by several 
investigators (e.g., 14, 39, 43). The iso- 
(luinoline structure of some of these al¬ 
kaloids indicates that with some modi¬ 
fication of the attached groups, possibili¬ 
ties for antimalarials may exist. 

Oils 

The field of vegetable oils has been sur¬ 
veyed rather extensively. With the sup¬ 
ply still short, new sources of oils have 
been sought, both for food and for in¬ 
dustrial use. From the seeds of a species 
of Opuntia, an oil can be extracted to the 
extent of 6% by weight (50), the proper¬ 
ties of which are listed in Table I. Upon 

TABLE I 

Pkopertiks of Prickly Peak Seed Oil 
Density . 0.9216 

Index of Hefraction .1.4744 

Freezing Point . -10® C 

Thcnnosulfiiric Index . 65® 

Acid No.5.26 

Saponification No. 194.10 

Acetyl No. . ,, ... 24.5 

Acetyl Saponification No.210,3 

Iodine No..125.20 

Glycerol Assay . 9.40% 

saponification two acid fractions, one a 
solid and the other a liquid, were ob¬ 
tained. The properties of the saponified 
products are listed in Table IT. Gourd 
seeds may also serve as a source of oil 
which may be hydrogenated into shorten¬ 
ing (65). Three wild gourds grow in the 
Southwest, particularly in the desert, 
(■ucnrbita foetidissima HBK, C, palmata 
S. Watson, and C. digitata A. Gray. The 
seed of these gourds was used for food by 
the Indians of the region. The white 
man adopted such Indian foods as maize, 
squash, potatoes and beans, but curiously 
enough seeds from these gourds have been 
overlooked. 

These species are potentially of con¬ 
siderable agricultural and commercial 
importance for the following reasons: 
they are perennial and have large fleshy 
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TABLE II 

Properties of the Acid Fractions of 
Saponified Prickly Pear Seed Oil 



Solid 

Liquid 


Frac- 

Frac- 


tion 

tion 

Per Cent of the Total Oil 

... 13.3 

73.35 

Melting Point . 

... 58° C 


Freezing Point . 

... 50° C 

-8° C 

Index of Refraction 

. 1.4626 

1.4760 


(55° C) 

(15° C) 

Acid No. 

... 13.30 

195.30 

Iodine No. 

... 18.5 

143.40 


roots which serve as storage organs for 
food and moisture; they grow wild on 
waste lands in regions of low rainfall; 
they produce an abundant crop of fruit 
which contains seed rich in oil and pro¬ 
tein; the fruit lends itself to mechanical 
harvesting; and the flesh dries so com¬ 
pletely that the seed can be threshed. 

Each fruit cont^iins about 12 grams of 
seed, and, estimating 60 fruits to the 
plant and approximately 1,200 plants to 
the acre, an acre could produce 1,800 
pounds of seed. From an analysis con¬ 
ducted at the Connecticut Agricultural 
Experiment Station, the seed of Cucur- 
hita foetMissima contained 33.95% fat 
and 34.22% protein. These calculated 
yields compare very favorably with 
other oil- and protein-bearing crops, 
•such as soybeans and. peanuts. 

No experimentation on these gourds 
has yet been made in the United States, 
and it is not known how the oil and the 
pressed cake containing the protein will 
compare with other oils and proteins as a 
food for men and livestock. However, oil 
from cultivated cucurbits is prized for 
cooking in the Balkan countries, and 
squash seeds are relished as food in many 
parts of the Avorld. 

There grows in eastern Mexico, a small 
tree, Garcia nutans Rohr., w^hich bears 
capsules containing three seeds, each 
approximately one-half inch in diameter. 
These seeds analyze about 55 percent oil 
which has an iodine number of 177 and is 
superior in some respects to tung oil. 
Since the stand of the tree is small, test 


plantings in Texas and Florida have 
been made to determine the possibilities 
of the tree on a plantation basis. 

Of equal interest is the jojoba (Sim- 
mondsia chinensis Californica Nuttall), a 
shrub native to northwestern Mexico and 
southern Arizona. Although its roasted 
seeds are eaten by the Indians, and cattle 
forage for the plant, investigation as to 
its commercial use is only in an initial 
stage. The seeds contain approximately 
50% of liquid wax, currently a substitute 
for waxes formerly imported to make 
shoe polish and other products. Of even 
more significance are reports that this 
liquid wax has a constant viscosity over 
a wide range of temperatures. This is 
a source of vegetable lubricating oil 
similar to sperm oil. In yield tests, as 
much as 14 pounds of seeds have been 
secured annually from a plant. The 
adaptability of the species is being tested 
in Texas. In Arizona 600 acres have 
been planted by Durkee Famous Foods, 
a division of the Oliddeii Company. 

Miscellaneous Extractives and 
Products 

Saponin (C 24 040 O 14 ) has been ex¬ 
tracted from the roots of Yucca filanicn- 
tosa Wood (17). The extract has been 
advertised for sale, and the plants are 
now being cultivated near Willcox, Ari¬ 
zona, for further exploitation. Saponin 
has also been obtained from cacti by a 
process involving the use of diatomaceous 
earth (48). Canaigre (Riimex hymeno- 
sepalus Torrey), a member of the dock 
family, has roots yielding about 25% 
tannin (4). Tyrosinase of great potency 
and tyrosine have been found in the 
Mexican cactus Pachycereus marejinatus 
(DC) B & R. (52). 

In progress at the present time is an 
investigation of the various desert plants 
as sources of odoriferous aldehydes, es¬ 
sential oils and perfume materials. The 
work is under the direction of T. F. 
Buehrer of the University of Arizona. 
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Fig. n. Sahuara, Carnegeia gigantcdy the giant tree cactus of the Southwest. The fruit was 
once used by the Indians for making a palatal)h^ syrup to be eaten as such or to be fermented in¬ 
to wine and vinegar. Alkaloids in the plant may have industrial value. (Courtesy of Esther Hen- 
dersoiXy TuesoUy Arizona), 
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Aldehydes, apparently of an essential oil flora DC) is a predominant part of the 
type, have been obtained by fermenta- desert flora. It is an ap:gressive plant, 
tion of cactus pulp and subsequent hy- and in the past hundred years, presuma- 
drolysis and distillation (58). bly chiefly due to overgrazing and grass 

In many parts of the region under con- fires, has invaded areas as far north as 
sideration the mesquite {Prosopis juli- western Oklahoma. Because of its in- 



Fig. 12 (Uppfr). Vegetation in the Chisos Mountains of Texas, consisting of prickly pear cac¬ 
tus, Opuntia s]).; lechiiquilla, Agave LeohcguUla] tkini Larrea tridentata. {Courtesy 

of the Texas Forest Service). 

Fig. 13 (Lower). Mesquite, Prosopi.^ sp.; and cedar brush, Juniperus sp. along one of the 
forks of Palo Duro Cunyon in Texas. (Courtesy of the Texas Forest Service). 





DESERT FLORA IN THE AMERICAN SOUTHWEST ’ 


125 


vasion of grasslands it has been estimated 
to cost the ranchers of Texas alone over 
$30,000,000 each year in lost income 
(45flf). Therefore, utilization of mesquite 
would have a twofold purpose. Present 
utilization is mainly for fence posts and 
fuel, and a limited amount of finished 
lumber and other products has been 
produced. A small amount of mesquite 
charcoal is made in Mexico and sold in 
the United States. However, no large 
commercial utilization is being practiced, 
and, although research on uses of mes¬ 
quite is being conducted, it has not ad¬ 
vanced to the point where definite opera¬ 
tions can be recommended. Marshall 
(45a) suggests the following possibilities 
for research on the utilization of the 
various species: destructive distillation 
for charcoal, distillate and activated car¬ 
bon ; wood hydrolysis for stock feed, 
sugars, alcohol and acids; pulp and 
pai)cr; hydrogenation; tannin extrac¬ 
tion; si)ecial wood products; plastics; 
gum ; properties and uses of leaves, pods, 
roots and bark. 

The Texas Forest Service Laboratory 
is studying destructive distillation of 
mesquite. Preliminary studies on the 
hydrolysis of mescpiite wood have not 
shown much promise, principally because 
the wood is relatively low in cellulose con¬ 
tent (45 per cent) and because the great 
amount of inert material absorbs some 
of the sugar that should be obtained. 
Mesquite wood yields about 28 gallons of 
95 per cent ethyl alcohol per ton of wood. 
Southern yellow pine, for comparison, 
yields 49 gallons. 

As has been mentioned, pulp and 
paper research on mesquite wood is to be 
carried out by the same laboratories. 

Hydrogenation of mesquite is another 
field of research that has not been 
touched. However, from hydrogenation 
on other woods it is reasonable to assume 
that products such as mixed phenols and 
methyl alcohol might be obtained com¬ 
mercially from mesquite. 


The relatively low yield of tannin from 
mesquite (5%-9% of the heart wood, 5% 
of the bark) ’will probably prohibit 
profitable commercial extraction of tan¬ 
nin in itself. However, if profitable uses 
could be found for spent chips—^such as 
plastics, wallboard—then commercial 
production of tannin might prove profit¬ 
able. 

The color and grain of mesquite wood 
are similar to those of mahogany. The 
wood is hard, finishes well and has low 
shrinkage. Its chief disadvantage is its 
brittleness and the fact that it is often¬ 
times cross-grained. Its use has been 
suggested for flooring, paving blocks and 
cabinet shop products. Paving blocks 
of mesquite have withstood 25 years of 
use in a street in San Santonio, Texas 
(45a). 

The use of mesquite for plasties seems 
to hold promise. Mesquite flour has been 
used as a filler with phenol-formaldehyde 
resins to produce a desirable plastic. 
Partial hydrolysis of mescpiitc with use 
of the residue for ligno-cellulose plastics 
is a possibility. The relatively low per¬ 
centage of cellulose and high percentage 
of lignin react in favor of mesquite for 
this type of plastic. 

Although mesquite gum has been col¬ 
lected in the past and has been sold 
locally, no large-scale collection is taking 
place at present, so far as is known. Its 
pos.sible use has already been discussed. 

A dye (a fustic substitute, algarrobin) 
has been found in a variety of mesquite, 
Prosopis aUjarr oh ilia (Avineh. (46). The 
same author (47) also mentions the occur¬ 
rence in mesquite of another dye, khaki 
yellow in color. The wood, bark and 
l)ods of mesquite contain tannin in addi¬ 
tion to the above dye. The fruit has 
been analyzed and the seeds found to be 
rich in protein (6). The seed coats con¬ 
tain pentosans, galactans and other car¬ 
bohydrates, while the pods are rich in 
sucrose (66). Although too fibrous to be 
satisfactorily used as a stock feed, it is 
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claimed that mesquite bean pods are 
richer in sucrose than sugar beets. Ap¬ 
parently no thought has been given to 
the seeds as a source of edible oils. 

Rubber 

Attempts to use various domestic 
plants as possible standby sources of 
natural rubber to replace or supplement 
hevea latex have been numerous, and 
some are quite well known. Guayule 
(Partheiiium argentatum A. Gray) and 
goldenrod (Solidago spp.) are perhaps 
the most publicized. Of interest also is 
the work of the TJ. 8. Rubber Co. in 
cultivating the vine Cryptostegia grandi- 
flora R. Br., indigenous to Madagascar, 
on a plantation near Yuma, Arizona. 
P’'rom tlie cactus Opuntia vulgaris Miller 
a latex was obtained which gave an 
amber-colored gum resembling planta¬ 
tion smoked sheet in color and guayule 
rubber in properties. The material can 
replace as much as 20^(1 of smoked sheet 
rubber in compounding (42). Clark 
(18) has recently summarized the posi¬ 
tion of the domestic natural rubbers. 

Food 

The use of various cactus fruits as food 
and in food products is interesting, even 
if of minor commercial importance. 
Most widely known is the conversion of 
the barrel cactus fruit {Ferocactus Wisli- 
zeni) into cactus candy. The fruit of 
the Sahiiaro (Cereus {Carnegiea) gigan- 
tea Ping.) was used by the Indians to a 
considerable extent. Ph’om the pulp a 
palatable syrup was made which was not 
unlike maple syrup or molasses. The 
syrup was fermented to make wine and 
vinegar. The dried pulp resembled 


dried figs to some extent, and the seeds 
served as a source of protein (34). Ex¬ 
cellent tasty preserves and pickles can be 
prepared from the fruit of various cacti, 
after first removing the skin and spines. 
The leaves of the prickly pear are quite 
a delicacy—epicures stating that the 
cooked plant tastes like okra—‘‘the best 
okra plus a strange, exotic ‘something’ 
The mucilage of the plant has a laxative 
a(‘tion which is recognized by the medical 
profession (8). 

Nordihydroguaiaretic acid, a very ef¬ 
fective antioxidant for butter, fats and 
other food products, is being extracted 
from the grease wood bush {Sarcohatus 
vermicnlatus) on a large s(‘ale by the 
Nordigard Corp., a subsidiary of the 
William J. Stange Co. The operation is 
being conducted with the collaboration 
of the New Mexico Agricultural Experi¬ 
ment Station at Las Cruces. The anti¬ 
oxidant is obtained by extracting the 
leaves and twigs with an aqueous solu¬ 
tion of 5% sodium hydroxide and 2-3% 
sodium hjalrosulfite. The ^extract is 
promptly acidified (30). The crude pre¬ 
cipitate contains 10Vf ~le5% of the acid. 
The extracted precipitate is taken up in 
a low-aliphatic ether, and ethylene di- 
chloride is added. The ether and part of 
the halide are distilled or evaporated 
until the solution is reduced to a thin 
syru{). The residual syrup is cooled, and 
the acid allowed to crystallize. The acid 
is then filtered and washed with ethylene 
dichloride (32). 

Economic Factors 

Many of the raw materials that the 
desert plants under consideration are 


Fig. 14 (Upper). The vegetation on ]>art of the desert plain in western Texas, consisting of 
guayule, rarthenium argentatum^ an already ex])loited source of rubber; Agave Lecheguilla, the 
source of tula istle fiber; Yucca s])., other sources of fiber; inariola, and creosote bush, Lurrea tri- 
dendataf a possible source of resins. {Courtesy of the Texas Forest Service). 

Fig. 15 (Middle). Agave sp.; mesquite, Fro.sopi8 sp.; sagebrush, Artemisia sp.; and grease- 
wood, Sarcohatus vermicidatus. Typical of the plains in western Texas. (Courtesy of the Texas 
Forest Service). 

Fig. 16 (Lower). Creosote bush, Larrea tridentata, in Texas. Hen egg Mountain in the dis¬ 
tance. (Courtesy of the Texas Forest Service). 
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known to contain, may be obtained from 
other sources, and frequently at a lower 
cost. World War II, however, has em¬ 
phasized the need for further sources of 
raw materials which could be used in 
case of a national emergency. For this 
reason the potential value of the plants 
of the Southwest should be thoroughly 
understood so that immediate advantage 
of the knowledge could be taken, if neces¬ 
sary. 

There are a number of economic fac¬ 
tors peculiar to the American Southwest 
which, although not so great as a genera¬ 
tion ago, nevertheless serve as a damper 
on efforts which might be made to utilize 
some of the products of the desert. 
These problems differ somewhat, dej^end- 
ing on whether or not the desert plants 
are to be cultivated or utilized in the 
wild state. 

The problem of cultivation of desert 
plants is one which has been side-stepped 
in considering the various uses to which 
the vegetation can be put. There seems 
to be a difference of opinion as to the 
feasibility of cultivation. In general, 
however, the following points may be 
made: 

(a) Irrigation would be necessary, un¬ 
less time were allow^ed for the plants to 
grow naturally under the semi-arid con¬ 
ditions of the region. 

(h) Genetic studies might possibly be 
necessary. It has been contended that 
the content of the desired materials, such 
as alkaloids, might be considerably re¬ 
duced if attempts are made to hasten 
growth by heavy irrigation. 

(c) Individual consideration of each 
species would have to be given. For 
example, cultivation of mesquite for gum 
could probably be handled somewhat like 
a rubber plantation. Cultivation of 
some plants, such as Sahuaro for cellu¬ 
lose, undoubtedly would be out of the 
question, because of their slow growth. 
On the other hand, a cactus such as the 
prickly pear might be suitable for this 
purpose, since in some regions it grows 


rapidly enough to be classed as a nuis¬ 
ance, and steps have been taken to con¬ 
trol it as a weed (22, 27). 

(d) Frequency of harvest also de¬ 
pends on considerations peculiar to the 
individual case. For cellulose or fiber, 
a long and probably continuous harvest 
would be necessary. On the other hand, 
if alkaloids or some other product having 
considerable value were obtained, it 
might be possible to harvest biennially, 
or even at longer intervals; if it were 
necessary that the plants be cut down or 
uprooted. 

(c) Transportation is one of tlie 
greatest economic problems. Since the 
region is undeveloped commercially, 
markets are some distance away, and the 
haul by railroad is difficult because of 
the terrain. 

(/) Ijabor does not appear to be much 
of a problem. Before the war peon farm 
labor was available for $1.50 per day. 
Tinder present circumstances, how^ever, 
this figure has almost certainly increased. 

(g) Electricity and gas in the Soutii- 
west have been readily available, al¬ 
though electricity is now somewhat short 
because of the abnormally low rainfall 
combined with increased powder demands 
over the whole area. The Colorado 
River projects have somewhat alleviated 
the situation, but at the present time the 
States involved are in disagreement as 
to the distribution of both i)()wer and 
water. Water is perhai)s the basic prob¬ 
lem—the general area of the Southwest 
has been undergoing a siege of drought 
for about 16 months. The rainfall in the 
region of Tucson, Arizona, for example, 
was about two inches for the year 1947, 
whereas the mean average over a 40-year 
period is about ten inches. There was 
no fain at all in July and August, 1947, 
while the long-range average for these 
two months is 4.3 inches. Several irri¬ 
gation reservoirs have gone dry. The 
situation is very unusual, but does serve 
to emphasize the importance of water to 
the area. 
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Insofar as power for heat is con¬ 
cerned, an interesting observation may 
be made here. Gay lor (31) reports that 
the Russians are using a helioboiler in a 
fruit cannery noar the Indian border. 
A 1500° F. heat is given, and boiler pres¬ 
sure of 150 psi. is obtained. The sun¬ 
shine averages 280 days per year there. 
In the American Southwest the sunshine 
varies from 300 to 340 days per year. 
Several private homes have solar hot- 
water heaters, and the writer can vouch 
for their effectiveness. It is entirely pos¬ 
sible that solar heat could be utilized in 
projects in the area. 

The use of wild plants is, as a whole, 
undesirable for large-scale works, unless 
something like the greasewood bush, 
which is quite plentiful, is used. Even 
our pine forests require reforestation, 
and this same consideration applies to 
desert plants. 

Two additional factors are concerned 
in the case of wild plants. There has 
been a natural opposition from stockmen 
to large-scale harvesting uf the vegeta¬ 
tion on their ranches. Cattle ranches 
cover a large portion of the territory 
under discussion, and some sort of work¬ 
ing agreement would be necessary before 
a company harvesting wild plants could 
begin operations on a large scale. With 
a narrow margin of profit at best, this 
might be a limiting factor if too great a 
financial consideration were necessary. 

The flower of the Sahuaro cactus is 
the State flower of Arizona. Hence these 
cacti are protected by State laAV, and the 
penalty for destroying one without per¬ 
mission is severe. The legal and aesthetic 
aspects of the destruction of any wild 
flora, even when replacement by young 
plants is anticipated, should be carefully 
investigated. 

Summary and Conclusions 

It would appear that although chemi¬ 
cal utilization of desert plants is not im¬ 
mediately feasible, except perhaps in a 


few cases, there is considerable promise 
for future development. The most prom¬ 
ising field seems to be that of alkaloids, 
products from which might be useful in 
the fields of antimalarials and other 
pharmaceutical applications. Cultiva¬ 
tion of Yucca for its fibers, to be used in 
the manufacture of kraft paper, card¬ 
board and other products, also offers out¬ 
standing possibilities for development. 

The use of desert plants for production 
of alcohol, oils, resins, dyes and certain 
other products, and for utilization on a 
large scale for stock feed does not seem 
economically profitable at the present 
time. However, their potential utiliza¬ 
tion under changing economic conditions 
or in time of a national emergency should 
not be overlooked. 
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Utilization Abstract 


Jojoba. Seeds of the jojoba bn.sh {Sim- 
mondsia ctdifornica), described in ECO¬ 
NOMIC BOTANY 1: 401, have been col¬ 
lected by Dr. C. L. Luiidell, Director of the 
Texas State Rescarcdi Foundation, near 
Dallas, and distributed through county agri¬ 
cultural agents in 31 south Texas counties to 
farmers for test planting. This evergreen 
shrub, closely related to boxwood, is known 
also as “goat nut” and “pignut”, and is 
native to the seini-arid regions of the Amer¬ 
ican Southwest, extending into Mexico. The 
‘‘seeds contain 50 per cent liquid wax and 
can be processed by any cottonseed oil mill. 


Aside from the wax which can be used in 
the manufacture of waxes and polishes, the 
bean has important medicinal agents, is high 
in protein, and its oil can be used in various 
food products. It contains a lubricant which 
has the characteristics of sperm oil, and 
finally the cake or meal after the wax is 
extracted can be used for plastics or as an 
excellent stock feed. Laboratory tests also 
.show the oil to have properties which should 
make it valuable to the paint and varnish 
industries”. {Texas Chemurgic News, as re¬ 
ported in Chemargw Digest 7 {11): 13. 
1948), 



Production, in Venezuela, of Indigenous 
Varieties of Tobacco 

These varieties, still cultivated in a primitive manner, 
may have value for hybridizing with Burley and Vir¬ 
ginia tobaccos. In Venezuela the leaves are manu¬ 
factured into cigars or are extracted to produce the 
masticatories known as '*chimo** and *"tobacco rope'\ 

FREDERICK A. WOLF' 

Duke University 


During the past year the writer has 
had opportunity to observe practices 
used in Venezuela in the production of 
indigenous, or criollo, varieties of to¬ 
bacco. From these observatiops it be¬ 
comes quite apparent that the commer¬ 
cial methods of cultivating, harvesting, 
curing and processing the crop there, 
necessarily very primitive in the begin¬ 
ning, have remained quite unchanged 
during more than 450 years that have 
since elapsed. Nevertheless tobaccos of 
excellent quality and of great demand 
for cigar manufacture in certain Euro¬ 
pean markets have been produced there 
year after year for a long period. For 
the reason that certain of these observa¬ 
tions on the handling of native tobaccos 
are deemed to be of general interest 
they are recounted at this time. 

Historical 

Published information regarding the 
tobacco industry in Venezuela is rela¬ 
tively meagre. The account by Gomes 
MaePherson (1933) is by far the most., 
comprehensive that has come to hand. 

1 During the past year the author was em¬ 
ployed in Venezuela by the Ministerio dc Agri- 
cultura y Grid, collaborating with the Com- 
pafiia Anonima Cigarrera Bigott, Sues., and 
the Compania Anonima Venezolana de Tabaco. 
To the many persons in each organization the 
author is deeply grateful for their help, espe¬ 
cially to Dr. Clifford H. Meredith, Jefe del De- 
partamento de Fitopatologifi.. 


Apparently the annual commercial })ro- 
duction approximated 36,000 kilos as 
early as 1607. The crop increased some 
two hundred years later in the States of 
Barillas and Portuguesa alone to the ex¬ 
tent that the accumulated profits said to 
have come into the possession of Simon 
Bolivar, the great liberator, largely ])ro- 
vided him with means for prosecuting 
the war of independence of northern 
South America. By 1944-1945 the total 
crop of native tobaccos had iiK-reased to 
over six million kilos. Since that time 
prodiK'tion of these kinds has sharply 
declined in favor of rubio (golden or 
bright colored) tobaccos of the Virginia 
and Burley types. These milder fla¬ 
vored, lighter-colored kinds, used in cig¬ 
arette manufacture, even though their 
cultivation has inc.reased rapidly, arc 
not being grown in sufficient amounts 
to meet consumer demands in Venezuela. 

Native Common Names and Varieties 

The difficulties attendant on determin¬ 
ing the origin of vernacular names is 
always intriguing to a biologist. ]Vlany 
names were given by the Indians of 
tropical America, each tribe applying a 
different name, to the plant Xicofiana 
tahacum L., now known as "‘tobacco'’ 
throughout the world. This fact is men¬ 
tioned by Gomes MaePherson. He 
states that the naturalist von Humboldt 
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in 1789 recorded the names used by the 
peoples whom he encountered while ex¬ 
ploring the coastal area of Venezuela 
from Cumana westward to Caracas and 
thence southward across the Cordillera 
Costanera and the Llanos to the present 
Territory of Amazonas. Among these 
names are ‘‘azanem’’, ^‘baniba”, ‘‘ba- 
ria^', '‘caribe’\ ‘‘caruzana’^ ''mandau- 
aca'^ ‘'mapoyo’^ ‘'maquitare'^ ‘'man- 
gatu’^ ^‘piapaco’’, ^‘piaroa’’, ‘‘pun- 
sabe ' sal-libra “ iiarao “ urareca ’ 
‘‘uajibo” ‘"yabarana”, ''yabarito” and 
‘‘yaruro”. Similarly a multiplicity of 
common names is employed at present 
for many other kinds of plants, espe¬ 
cially trees, occurring throughout Vene¬ 
zuela and other parts of Latin America. 

At the outset one wishes that more 
records were available regarding the 
origin of the varieties that arc indigen¬ 
ous to Venezuela and to adjacent coun¬ 
tries. Apparently the early Spanish 
colonists found that the Indians living 
along the lower reaches of the Orinoco 
were growing a kind of tobacco that 
came to be known as ‘M)rinoeo”. Tln- 
doubtedly this is the fundamental vari¬ 
ety from which many of the strains of 
flue-cured tobacco, now grown in south¬ 
eastern United Slates, were derived. 
These early colonists initiated the com¬ 
mercial culture of Orinoco tobacco in 
the area in which it is indigenous, and 
it seems probable that they employed, 
in other parts of Venezuela, other kinds 
which they found were being grown by 
the Indians, and which, perhaps, had 
been grown locally for centuries before 
the discovery of America. 

It is of more than passing interest to 
note that relatively few varieties of in¬ 
digenous tobaec^o now occur in Vene¬ 
zuela. Undoubtedly this is traceable to 
the fact that there have been no tech¬ 
nologists in that country interested in 
improving the crop by selection and by 
hybridization. Each Venezuelan variety 
is well established and has long been 


known in each particular region. For 
example, there occurs in the State of 
Sucre in the region bordering the Golfo 
de Cariaco and extending eastward to 
Carupano and El Pilar, an extensively- 
grown variety known as ‘‘Golfero”. In 
the States of Barinas and Portuguesa, 
the variety Barinas, which is well known 
throughout the world, is widely grown, 
and in the States of Falcon and Lara, 
with the town of Cabudare as a market¬ 
ing center, the variety Cabudare. 

In addition there are Salom, grown in 
the State of Carabobo in the environs of 
the town of Solorn; Cocorote, in the 
State of Yaracuy, near Cocorote; Gua- 
charo, in the State of Monagras, in the 
vicinity of Caripe; Guanaguana, Cu- 
manacoa, San Antonio de Maturhi, and 
Tranco Corto, in the region around 
Guanape in the State of Auzoategui. 
Such other varieties as Chimo, Com- 
mun and Mundo Nuevo are also planted, 
each one usually in a different region. 

Seed Beds or “Almacigos” 

As with seedbeds everywhere, the es¬ 
sential features for their proper prepa¬ 
ration concern selection of a suitable 
site and preparation of the soil. In 
general, well drained sites on unculti¬ 
vated land are chosen, such as may be 
found near the base of a hill or moun¬ 
tain, or on a slope near a stream. The 
natural vegetation of such places usually 
consists of shrubs and trees. By means 
of ‘'el machete” (large knife) and “la 
escardilla” (hoe) the seedbed site is 
cleared and the soil loosened to a depth 
of three or four inches. In so doing 
the leaf mold and decaying leaves are 
thoroughly incorporated in the loosened 
soil. The seed are then sown, usually 
during August which occurs near the 
middle of the rainy season. Very little 
seedbed care, such as weeding and water¬ 
ing, is required, and the seedlings will 
be of sufficient size for transplanting 
early in October. Losses in the seed- 
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beds from damping-off diseases (“san- types, by use of plows and shovels, the 
cocho^’) are inconsequential. surface of the beds is elevated ten to 

Such seedbed practices, because of 20 centimeters or more above the sur- 

their simplicity, are markedly different rounding terrain to secure adequate 

from those used in growing Virginia and drainage and to prevent flooding. Then 
Burley types in Venezuela. For such a cover is provided to protect against 



Fig. 1 (Upper). A caney of the kind commonly* used for air-curing indigenous kinds of 
tobacco in Venezuela. 

Fig. 2 (Lower). Cultivating tobacco in Venezuela with a special implement pulled by an 
ox (buey). 
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torrential rains and intense sunlight. 
These covers are constructed of pole 
frames with a roof of a grass, known 
as ^^gamelote^’ {Panicum maximum 
Jacq.), or of banana or palm leaves. 
The covers must be removed and re¬ 
placed daily to permit suitable illumi¬ 
nation, and the beds must be watered 
frequently. Under these conditions 
damping-off, induced by species of 
Pyihium, Bhizoctonia and Sclerotinia, 
may cause such severe losses as to be a 
limiting factor in the production of 
seedlings. 

The causes for differences in incidence 
of damping-off in seedbeds for these dif¬ 
ferent types of tobacco remain unknown. 
But since each grower of native tobacco 
raises from 1,000 to 50,000 plants only, 
his seedbeds are small. On the other 
hand, those who grow Virginia and Bur¬ 
ley types may plant areas varying in 
extent from ten to 100 hectares, and 
hence each farmer requires large seed¬ 
beds. The growing of a large popula¬ 
tion of seedlings in a restricted area, as 
must be done with Virginia and Burley 
types, may favor significantly the inci¬ 
dence of damping-off. It seems more 
likely, however, that the difference in 
disease incidence is attributable pri¬ 
marily to difference in degree of dis¬ 
turbance of microbial balance in the 
soils during preparation of the seedbeds. 
Observations indicate that antibiosis in 
the control of soil-borne pathogenic 
fungi is a significant factor, at least to 
the extent that it is worthy of consid¬ 
eration in proper seedbed preparation 
and management. 

Field Practices 

Mountain sides, even those having a 
declivity of as much as 75 per cent, are 
sometimes cleared and planted to to¬ 
bacco, but the more nearly level valley 
lands, which are of alluvial origin, are 
generally used. Such soils have long 
been known to be the most suitable for 


tobacco production (3). In fact in one 
valley a farmer when asked how long 
tobacco had been grown there responded 
Yo lo creo que el tabaco ha sido crecido 
aqui despues el principio del mundo” 
(I believe that tobacco has been grown 
here ever since the beginning of the 
world). 

For the most part, each farm (“ha¬ 
cienda’’) comprises from one to fifty 
thousand hectares on which tobacco is 
cultivated in small parcels. The land- 
owner (“latisfundista”) and the tenant 
or small grower (“conuquero”) arrange 
terms for the cultivation of each small 
tract. The basis of terms may be a 
share of the crop or a fixed price per 
kilo of cured tobacco. Not uncompionly 
also the terms include credit for sup¬ 
plies of food and clothing for the grower 
and his family. Sometimes such credit 
is advanced by a merchant, especially 
if he is also a tobacco dealer. 

In many instances the escardilla and 
machete are the only implements avail¬ 
able for use in preparing and cultivat¬ 
ing the fields, but sometimes, by ar¬ 
rangement with the landowner, ox- 
drawn or tractor-drawn plows and. disc 
harrows are used for this purpose. The 
field is not laid off in ridged rows in 
preparation for transplanting, as is done 
with Virginia varieties in the United 
States, but is kept quite plane. Com¬ 
mercial fertilizers are not used at all. 
The seedlings may be transplanted in 
rows a meter or more apart or may be 
interplanted in the middle of rows of 
nearly mature corn. In the latter event, 
the weeds and grass must first be re¬ 
moved with a hoe, and the seedlings 
are transplanted near the center of 
these small cleared patches. Essentially 
all subsequent cultivation is done with 
a hoe, the weeds arc kept cut off, and 
by the time the dry season has begun, 
a layer of loose soil has been formed 
which provides a mulch and helps to 
conserve soil moisture. 
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Harvesting and Processing 

All native tobaccos are harvested by 
picking the leaves a few at a time as 
they mature, beginning with the lower¬ 
most and progressing toward the top of 
the plant. The length of the harvest¬ 
ing period depends upon two things, 
the topping practices and the rains. 
Plants are generally topped as soon as 
the inflorescences are of sufficient size 
to be grasped by the finger tips and 


mitted to develop, and when their leaves 
are harvested, the stems are again cut 
off. By so doing repeatedly, and by 
avoiding flowering and fruiting, the 
plants continue to vegetate for a year 
or even for several years. The leaves 
borne on the primary stems constitute 
the main crop (^‘cosecha principal^’), 
and all other leaves are ‘‘los ratones^\ 
The tobaccos are mostly air-cured, but 
some may be sun-cured. For air-cur- 



• Fio. 3. Leaves of five native Venezuelan varieties of tobacco. Leaf size is shown by the 
10 cm®, square grid in the background. From left to right the varieties are Salom, Cocorote, 
Chimd, Traiico Corto, Gudeharo. 


broken off. Suckers (“chupones”) 
then develop, and each of them, too, 
may be topped early. If the tops are 
removed from all suckers as soon as 
they appear, the plants will continue to 
vegetate, and, provided rainfall is ade¬ 
quate, each plant may produce from 50 
to more than 100 suckei* leaves, all of 
which are harvested. Under such con¬ 
ditions there may be four pickings of 
main leaves, and five or six pickings of 
sucker leaves during a period of six to 
eight months. In rare instances the 
main stems are cut off immediately 
after harvest, new shoots are then per- 


ing, shelters (“caneyes’’) are used, 
which are constructed of poles lashed 
together with bark fibers (‘‘majagua^’), 
and the roof is thatched, usually with 
gamelote. The racks for sun-curing are 
built of poles and are placed at con- 
...venient points in the field. When the 
leaves are almost cured they are trans¬ 
ferred to a shelter to complete the cur¬ 
ing and to store them. 

In preparation for curing, the leaves 
are fastened to ropes (‘‘cuerdas^’) 
made of bark fibers. This is done by 
enmeshing bundles of leaves while the 
fibers are being braided into ropes. 
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The strings of leaves thus formed are 
then hung, hammoek-like, in the caney, 
the length of the string being condi¬ 
tioned by the caney ^s length. 

As soon as the leaves are cured, and 
at times when they have absorbed suffi¬ 
cient moisture to be handled without 
breakage, they are graded in prepara¬ 
tion for being taken to market. Leaf 
size is a most important feature in grad¬ 
ing. KSize is determined by grasping 
the base of the leaf by the fingers, and 
the leaf tip is then extended up the 
arm. Those leaves having a length to 
extend from the finger-tips to the elbow 
are of one grade, those not so long are 
of another grade, and all longer ones 
are in third grade. 

There is no price discrimination be¬ 
tween los ratones and la cosecha prin¬ 
cipal. Sometimes rains adversely af¬ 
fect the quality of the latter, however, 
and it is not uncommon that the rato- 
nes are the more desirable because they 
are the heavier-bodied and the more 
aromatic. After being graded and tied 
into hands, the tobaccos, whether in pos¬ 
session of the grower or dealer, are ar¬ 
ranged in piles, whereupon they under¬ 
go fermentation. During fermentation 
the light-brown and yellow-brown colors 
of carefully cured leaves change to be- 
(*ome considerably darker, and the char¬ 
acteristic cigar aroma is developed. 

Uses of Tobacco Other Than in the 
Manufacture of Cigars 

A large i)roportion of this kind of to¬ 
bacco is ultimately used, either abroad 
or locally, in the manufacture of cigars, 
but a part is always utilized in making 
two other products, ‘'chinuV’ and “to¬ 
bacco rope’’ (“cuerda del macho o bur¬ 
ro”, “tabaco al masticar”). 

Chimo is a thick, tarry, dark paste, 
prepared by extracting the ripened 
leaves and the suckers in caldrons of 
boiling water. The extractive is then 
evaporated until the residue has a very 


thick consistency, whereupon it is placed 
in barrels and marketed. The buyer 
then puts it into jars or other suitable 
containers, or small lumps of it are 
wrapped in waxed papers for sale to 
consumers. Those who use chimo hold 
it in their mouth in quite the same way 
as is done by those who dip snuff. 

Tobacco rope is a form of chewing 
tobacco. It is prepared by extracting 
the leaves, as is done in making chimo, 
but the extractive is afterward absorbed 
by the boiled leaves and applied to them. 
This is done by dipiiing the leaves in the 
extractive while they are being twisted 
tightly into ropes. The ropes are next 
air-dried. Then at the time of sale to 
the consumer or user these ropes are 
cut into the desired lengths. 

Characteristics of the Leaves of 
Certain Indigenous Varieties 

To learn more about the features of 
certain of the native tobaccos than is 
possible from field observations in Vene¬ 
zuela, seeds were gathered and were 
used to grow plants at the Tobacco Ex¬ 
periment Station, Oxford, N. C., during 
the summer of 1948. The examinations 
made of these varieties included deter¬ 
mination of the population of glandular 
hairs and leaf size by methods described 
in a previous study (1). Certain of 
these data are summarized in Table 1. 

These five varieties evidently belong 
in two quite distinct groups. Chimo 
is definitely in a group with cigar-filler 
tobaccos, not too unlike kinds being 
grown ill Pennsylvania and Wisconsin. 
The other four are all closely related 
and have the appearance of flue-cured 
varieties, especially such kinds as 
Lizard’s Tail, Little Orinoco, Warne 
and Adcock which were popular among 
growers of flue-cured tobacco a genera¬ 
tion ago. The leaves of Guacharo are 
the smallest and narrowest. All four 
varieties have a similar per unit-area 
population of glandular hairs and all 
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are very aromatic. In fact their per 
unit-area hair population is essentially 
the same as that of the most aromatic 
of the 80 or more varieties of Turkish 
tobacco that the writer has examined 

(1, 4). 

It seems probable that environment 
has induced an increase in hairiness of 
Venezuelan varieties during? the several 
hundred years of commercial cultivation. 
The natural infertility of the soils and 
the non-use of commercial fertilizers 
have caused slow plant growth. Ex¬ 
tended periods of paucity of soil mois¬ 
ture and intense illumination have also 
exerted an influence unfavorable for 

TABLE 1 

Some Leaf Characters of Venezuelan 
Varieties of Tobacco 


Varietal 

name 


1 

» I t 


a 2 
« 

2 O ^ 
2 ^ V- 

^ fO 


S cT 



Chimo . 24-25 1146 1341.3 1537.9 

Gudcharo .. 23-27 1740 490.6 852.3 

Tranco Corto 19-21 1606 654.2 1262.4 

Sal6m . 26-35 1525 731.4 1126.3 

Goncorotc .. 24-28 1758 816.3 1271.4 


rapid growth. No doubt, too, such 
plants as were most tolerant of these 
conditions year after year have served 
as sources of seed for each succeeding 
crop, and thus the net result has been 
increased resistance to drought and in¬ 
creased hairiness with a correlated in¬ 
creased volume of aroma. 

Leaves from each of the five varieties, 
when grown at Oxford, N. C., were 
harvested, and some from each picking 
were then air-cured; others w^re flue- 
cured. When air-cured their color and 
texture were like those of Burley to¬ 
bacco. Indeed it was the opinion of 
expert tobacconists that they constituted 


very acceptable Burley tobacco. When 
flue-cured, however, the tobacco was yel¬ 
low-brown, papery and of such poor 
quality as not to be particular!}^ desir¬ 
able as flue-cured tobacco. In any 
event these varieties can not be expected 
to compete successfully where excellent 
varieties of Virginia and Burley are al¬ 
ready established. 

General Considerations 

It should be borne in mind that native 
Venezuelan varieties of tobacco grow 
slowly, are late maturing, and their 
leaves have a dense population of glan¬ 
dular hairs. After several years of 
study by the writer and his associates it 
was determined that such features in 
Turkish varieties of tobacco are corre¬ 
lated with desirable qualityIt 
should be added that the determination 
of what constitutes desirable features of 
Turkish tobacco and of how to grow 
a crop having desirable quality re¬ 
quired several years of painstaking ef¬ 
fort, whereas, in contrast, tobaccos with 
such characteristics have been developed 
in Venezuela without any purposeful ef¬ 
forts, without knowledge of develop¬ 
ments in tobacco technology in other 
parts of the world, and without the in¬ 
tervention of scientists. Moreover, each 
Venezuelan variety has a high degree 
of uniformity. In fact, they are so uni¬ 
form that their production would re¬ 
flect credit to anyone having a back¬ 
ground of knowledge of the principles 
of hybridization and selection. 

It remains to be demonstrated that 
any of the Venezuelan kinds will prove 
valuable as stocks for hybridization with 
Virginia and Burley varieties, to be 
grown in the United States, but such 
use is indicated as a means of securing 
resistance to drought and to diseases. 
In the writer ^s opinion, if more care 
were given the leaves during curing and 
subsequent storage in Venezuela, the 
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resultant tobacco should be acceptable in 
the manufacture of bright-colored ciga¬ 
rettes. 
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Utilization Abstract 


Yerba mate. “Verba mate or yerba de 
mate, also known as Paraguay-tea, is a plant 
whose leaves are prized in South AnuTica for 
beverage making. This beverage is similar 
in taste and chemical composition to tea and 
likewise has a stimulating and refreshing 
effect on the drinker. The tree is a kins¬ 
man of the holly and grows from Bolivia 
and Mato Grosso, Brazil, to northern 
Uruguay and the Argentine Province of 
Corrientes. The beverage is most commonly 
made from the leaves of the species Jlex 
paraguuriensis. 

^‘The yerba mate tree prefers ravines or 
depressions in the foothills and mountains 
at elevations of from 1,500 to 2,500 feet, a 
damp humid climate, and deej), alluvial soil 
containing large amounts of humus. The 
Parana pine is usually a close neighbor in 
the forest, sometimes providing shade for 
the yerba mate tree. Brazil is the principal 
producer of mate, followed by Argentina and 
Paraguay. Most of BraziFs mate produc¬ 
tion comes from wild forests, where the trees 
sometimes grow to a height of 80 or 100 
feet. When grown on plantations, the trees 
are usually pruned and range from 12 to 30 
feet in height. 


“Harvesting begins when the tree is 4 or 5 
years old and is carried on from May to 
October when the leaves are dry. Leaves ore 
gathered from the same trees preferably not 
oftener than every second or third year. 
Workers cut the small branches, toast the 
leaves evenly by holding the branches over 
a bonfire, and then place them in a barbacmi 
or ovenlike structure for drying. The mass 
of branches and leaves is stirred frequently 
during the 4- or 5-hour drying process, after 
which it is taken to the threshing floor. 
After the leaves are separated from branches 
and other waste material, they are finely 
ground, sifted, and graded. 

“Mate has not yet gained popularity out¬ 
side South America. That imported into the 
United States in 1947, for example, totaled 
only 21,000 pounds, compared with 67,448,- 
000 pounds of tea and 2,500,000,000 of 
coffee. It is a “must” item, however, in the 
daily diet of many of our neighbors in 
Argentina, Brazil, Paraguay, and, to a less 
extent, in Uruguay and Chile. Prewar pro¬ 
duction of mate amounted to 368,000,000 
pounds, approximately one-fourth as much 
as the world tea output”. (Foreign AgricuU 
lure 12 ( 0 ) ; 111, 1948), 



The “Palo de Tomate” or Tree Tomato 

Widely known throughout the tropics of the world 
but not abundantly cultivated outside its native An¬ 
dean home, this fruit offers a desirable addition to 
the food resources of warmer climates. 

E. P. HUME and H. F. WINTERS 

Federal Experiment Station, Mayaguez, Piierto Bico 


Cyphomandra hetacea (Cav.) Sendt, 
“Palo de tomate’’, “Tomate de arbol” 
or tree tomato, is generally considered 
a native of Peru. It is abundantly culti¬ 
vated and highly esteemed in many parts 
of the inter-Andean region where it is 
one of the most popular fruits. Al¬ 
though not commonly known, it is growm 
in many parts of the world. In the 
warmer sections, such as Malaya and the 
Philippines, it is successfully cultivated 
only at higher elevations, for it grows 
poorly and seldom fruits in the hot 
tropical lowlands. In Ecuador it is 
grown between 5,000 and 10,000 feet. In 
cooler climates cultivation is possible 
down to sea level. 

In Puerto Rico the plants grow best 
in the mountain section, but satisfactory 
growth has been observed near Rio Pie- 
dras at an elevation of less than 100 feet. 

In the Toro Negro Unit of the Caribbean 
National Forest and in a number of other 
hill sections, from 1,000 to 3,000 feet 
elevation, the plants produce fruii with¬ 
out benefit of cultivation. 

The tree tomato as it grows in Puerto 
Rico is a woody shrub sometimes ap¬ 
proaching the size of a small tree, 12 to 
18 feet tall and two to four inches in 
diameter near the soil surface. Excep¬ 
tional plants may reach a height of 25 
feet. At higher elevations the plants 
are siudller. The cordate, ovate leaves 
are three to 12 inches long. The laven¬ 
der pink flowers, half to three quarter 
inch in diameter, are borne in small, 
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axillary cymes near the ends of branches 
and appear at the beginning of the rainy 
season, usually in April or May. The 
two-carpeled fruits are red to orange, 
the size and general shape of a hen’s egg 
but more pointed. They ripen in Octo¬ 
ber and remain on the trees until 
January. 

The culture of tree tomatoes has prob¬ 
ably been most extensive in the Par East 
where purple varieties are also grown. 
It is commonly grown in the hill-country 
gardens of Ceylon where it fruits almost 
throughout the year, but chiefly from 
March to May. The tree is a quick 
grower, commencing to bear when one 
and a half to two years old and becom¬ 
ing unproductive after five to six years. 
It conies into bearing earlier from cut¬ 
tings, but seeds are also satisfactory. 

The succulent, subacid fruit is gen¬ 
erally considered to taste like a tomato. 
However, some believe it is also similar 
to gooseberry and passion fruit. When 
cooked the flavor suggests apricots. It 
has a rather distinct and pleasant after¬ 
taste. In fact a flavor differential exists. 
The meaty mesocarp, or flesh just inside 
the skin, has a bland cheesy flavor, while 
a watery, slightly acid, but sweet pulp 
surrounds the seeds. The fruit may be 
broken open and eaten raw. Some 
people do not consider them so satisfy¬ 
ing as better known fruits, but others 
regard them as refreshing and agreeable. 
A more common method is to stew the 
fruits to form a conserve or “dulce”. 
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The skin is touj^her than in the culti¬ 
vated tomato and has a disagreeable 
flavor. It should be removed before 
cooking. This is easily accomplished 
after immersing the fruit in boiling 
water for a minute or two. While gar¬ 
den tomato seeds can usually be included 
in the final product, the seed of the tree 
tomato should be removed from the pulp 
because they are harder than those of 
the tomato and bitter in taste. The pulp 
can be passed through a coarse strainer 
before cooking with sugar. The result¬ 
ing preserve cap be improved by addi¬ 
tion of cinnamon and salt. 

The tree tomato can also be used in 
curries, mixed vegetable dishes, soups, 
and for most of the uses of the garden 
tomato. 

The tree tomatoes are popular in their 
original home and many other sections 
of the world. The hill country residents 
of Puerto llieo usually cook them with¬ 
out removal of the skin and seeds. Since 
this factor is of sufficient importance to 
make the difTerence between a desirable 
and ail undesirable fruit, it is easy to 



Fig. 1. The fruits of the tree tomato are 
produced in small loose clusters hanging near 
the ends of branches. 



Fig. 2. The lavender or lavender pink flow¬ 
ers are ^ to | inch in diameter and resemble 
those of a tomato. 


understand why they are not more 
widely used. 

The tree tomato should not be con- 


t 



Fig. 3. The tree-tomato fruit has two locules 
containing seeds somewhat larger than those of 
the cultivated tomato. 
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fused with the naranjilla, Solatium qui- 
iocnse Lam. Both belong to the same 
family and are native to the same gen¬ 
eral area. The densely pubescent fruit 
of the naranjilla is nearly spherical, and 
its purplish leaves are long and usually 
spiny. Its chief use is as a juice or 

The tree tomato has received little at-, 
tent ion from plant breeders. It is quite 
possible that it is as good as or better 
than the garden tomato was before ex¬ 
tensive breeding work on the latter was 
begun. It is also possible that by selec¬ 
tion and hybridization this fruit might 
be similarly improved. Francis O. 
Holmes of the Rockefeller Institute for 
Medical Research at Princeton, New 
Jersey, has shown that this is one of the 


only two hosts of all he has tested which 
was resistant to the virus of tobacco 
mosaic. 

This crop appears to have considerable 
value for those living in tropical high¬ 
lands because of its resistance to insects 
and diseases and its ability to grow with 
little or no culture, even in high rainfall 
areas. Culture would undoubtedly re¬ 
sult in greater yields. An additional ad¬ 
vantage is that the fruits mature at a 
season when few fresh vegetable prod¬ 
ucts are available. A few^ plants in the 
home garden could add considerable to 
the family diet. Also, the tomato which 
it resembles does not thrive at higher 
altitudes where the tree tomato is best 
adapted. A limited export trade might 
be developed with this specialty fruit. 


Utilization Abstract 


Chlorophyll. Cominercial production of 
chlorophyll is expected to begin soinetinie 
this year in a new extracting plant to be 
located in Rockford, Ill. In this plant al¬ 
falfa will be used as the principal raw ma¬ 
terial during the northern growing season, 
and spinach, shipped from the South, dui’ing 
the winter. The chlorophyll produced will 
be used for medical purposes, since it is be¬ 
lieved by the sponsors of this project that 
chlorophyll, extracted in its natural form, 
can be administered to prevent or correct 
either an overactive or underactive metab¬ 


olism and will have beneficial effects in the 
treatment of arteriosclerosis, hypertension, 
heart disease and fatigues. {Chemurgic 
’Ufigest 8(3): 16. 1919). 

TJii.s chlorophyll-extraction work, which 
was reported in ECONOMIC BOTANY 2: 
362. 1948, has been developed by Dr. l^oris 
Berkman and his sister. Dr. Sophia Berk- 
man, both of Chicago. The former <lirected 
, the Government-sponsored extraction of 
milkweed floss during World War II, and an 
article by him on that work will appear in 
the next issue of ECONOMIC BOTANY. 



Safflower* 


A potential oilseed crop in the western States 


CARL E. CLAASSEN 

Eesearch Agronomiat, Chemurgy Project, University of Nebraska 


Introduction 

Safflower is an oilseed crop which 
for many years has been grown on a 
relatively small scale in parts of North 
Africa and the Middle East. Its pro¬ 
duction in Egypt dates back some 3,500 
years, as indicated by seeds found in the 
graves of Pharaohs (8). In very early 
times it was cultivated primarily as a 
source of red dye (carthamin) obtained 
from the flowers and secondarily as a 
source of oil obtained from the seed. At 
the present time it is grown in foreign 
countries only as a source of oil or grain 
which is commonly fed to poultry and 
livestock. 

During the period of 1925 to 1935 a 
number of Agricultural Experiment Sta¬ 
tions and farmers in the Midwest and 
western States made trial plantings of 
safflower in cooperation with the U. S. 
Department of Agriculture. The results 
of these tests were summarized by Rabak 
in 1935 (6). He concluded that safflower 
offered some possibilities as a dry land 
and irrigated oilseed crop in the north¬ 
ern Great Plains and western States. 
The varieties tested w^ere of Russian or¬ 
igin and contained only 22 to 26 per cent 
oil. Interest in safflower from 1935 until 
the beginning of World War II generally 
declined. Many States discontinued all 
tests with this crop. However, during 
this period a few varieties with 28 to 31 
per cent oil were introduced from India 
and Turkestan by the U. S. Department 
of Agriculture and by Mr. Alfred Reh- 
bein, Sr., a Montana farmer. 

* Reprinted from Chemurgic Digest 7 (3): 
11. 1948, except statistics and other details 

of experimentation. 


In 1941 the Nebraska State Legisla¬ 
ture established the Chemurgy Project 
at the University of Nebraska. One of 
the functions of the project w^as to de¬ 
termine the feasibility of producing new 
crops which could be used industrially 
in Nebraska. Safflower was one of those 
considered in this category. In 1942, 
the first year of agronomic tests, many 
varieties of safflower which were then 
available in this country were grown at 
eight locations in the State. Prom pro¬ 
duction tests in western Nebraska that 
year and the results of previous tests by 
several Agricultural Experiment Sta¬ 
tions, the crop was thought to show suffi¬ 
cient promise to merit the establishment 
of an extensive breeding program in this 
State. As a result of this work a variety 
which averages 34 per cent oil is now 
available for increase. The purpose of 
this article is to stimulate interest in 
safflower as a source of oil and meal in 
areas where it is adapted; to present 
recent data on varietal and cultural 
tests; to discuss some of the accomplish¬ 
ments and possibilities in breeding for 
higher oil content; and to present the 
current status of commercial production 
in the United States. 

Characteristics and Adaptation 

Safflower, Carthamus tinctorius L.. be¬ 
longs to the Compositae, subfamily Cyna- 
reae, commonly known as the thistle 
family. It is a much branched, herba¬ 
ceous annual. All branches are termi¬ 
nated by an individual head composed of 
20 to 80 florets. Each floret may produce 
one seed. It attains a height of 16 to 48 
inches, depending upon variety and 
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moisture conditions. From the farmer’s 
viewpoint safflower has both good and 
bad characteristics. Good features are 
that it does not shatter, is not subject to 
bird damage and does not lodge. Un¬ 
desirable characteristics are spininess of 
present varieties, susceptibility to grass¬ 
hoppers and slow growth in early spring 
which contributes toward poor weed 
competition. By breeding it is possible 
to largely eliminate these undesirable 
features. 

^aflflow^er is adapted to areas which 
have dry atmospheric conditions from 
time of flower bud formation until after 
maturity. / Low relative humidity is es¬ 
sential for good seed-set and high oil 
content.; The area of adaptation is thus 
limited to regions which have arid or 
semi-arid climates during the latter part 
of the growing season.^ In the United 
States safflower is adai)ted to the western 
part of the northern Great Plains and 
that part of the Pacific Northwest located 
between the Cascade and Rocky Moun¬ 
tains. . In order to mature in this area, 
the growing season must be at least 120 
days. It may also be adapted to parts 
of southwestern United States as a fall 
planted crop. The crop is apparently 
not adapted to the corn belt, or to eastern 
or southern United States. 

For the past several years safflower 
seed of the more promising introductions 
and selections has been sent by the Chem- 
urgy Project of the University of Ne¬ 
braska to a number of Agricultural Ex¬ 
periment Stations in other States for 
regional uniform testing. Results from 
these tests are now showing where saf¬ 
flower is best adapted and whether this 
crop can compete with existing (‘rops in 
areas where it is adapted. 

Utilization of Oil and Meal 

The oil content of existing safflower 
varieties varies from 19 to H4 per cent. 
Several lots of seed have been success¬ 
fully processed by an expeller unit in 
the Nebraska Chemurgy Laboratory. 


Results of these tests have been published 
(10). Safflower produces a drying oil 
which is characterized by high linoleic 
acid content (approximately 75 per 
cent) and very low linolenic acid content 
(0 to trace). The iodine value of the oil 
ranges from 140 to 150 (1). Without 
the addition of driers, the rate of thick¬ 
ening of safflower oil is slower than that 
of linseed oil, particularly during the 
initial stages. In the presence of driers 
safflower oil dries as fast as linseed oil 
(5). In India the oil is utilized mostly 
for culinary purposes (7). The seed and 
oil ])roduced in foreign countries is for 
the most part consumed locally and sel¬ 
dom enters world trade. 

Garrick and Nielsen (1) studied the 
possibilities of safflower oil as a vehicle 
in protective coatings. They concluded 
that safflower oil w^ould be satisfactory as 
a vehicle in outside paints, inside enam¬ 
els, as a source of heat-treated oils of 
high linoleic acid content and in the 
preparation of alkyd resins. Pugslcy 
and Winter (5) concluded that, ‘^Saf¬ 
flower oil could replace linseed oil in 
most organic coating compositions, and 
in some instances improved coatings 
would be obtained”. It therefore seems 
likely that safflower oil in the United 
States may find more profitable utiliza¬ 
tion in the i)aiiit, varnish and allied in¬ 
dustries than as an edible oil. 

The Department of Animal Hus¬ 
bandry of the University of Nebraska 
<‘omx)ared safflower meal containing a 
crude protein content of approximately 
42 per cent with soybean meal for Avin- 
"tering calves and for fattening yearling 
steers. The Scottsbluflf Substation com¬ 
pared the same oilseed meals for fatten¬ 
ing Jambs. Daily gains in all three 
feeding tests were slightly higher with 
the safflower meal (9). The crude pro¬ 
tein content of safflower meal may vary 
from 20 to 55 per cent, depending upon 
variety, protein content of whole seed, 
and the percentage of hulls removed 
previous to processing. More experi- 
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mental data are needed to determine the 
proper pereentaj^e of hulls to be removed 
for best processing and feeding results. 

Varietal Experiments 

Kupzow (4) has made an extensive 
study of the geographical variability of 
safflower. He found that there were dis¬ 
tinct geographical types. Introductions 
made by the Nebraska Chemurgy Project 
from a number of countries of North 
Africa and the Middle East confirm 
Kupzow’s findings. There ai)i)arently 
has not been a great deal of interchange 
of safflower varieties between countries 
of the Middle East and North Africa. 
Evolutionary changes in this crop have 
obviously been progressing at several 
secondary centers of origin. Complete 
spinelessness has been found only in 
introductions of the Afghanistan type. 
North Africa has been the best source 
of high oil content varieties. According 
to Kupzow’s (4) detailed descriptions of 
safflower from different geographical 
areas, there are apparently many types 
in existence which have not yet been 
introduced into this country. Introduc¬ 
tions and selections developed by the 
Nebraska Chemurgy Project breeding 
program have been compared for yield, 
oil content and other characteristics. 

Safflower plots in rows ten inches apart 
(solid drilled) were planted at the rate 
of 30 pounds per acre, and plots in culti¬ 
vated rows 40 inches apart were planted 
at the rate of 15 pounds per acre. There 
were no significant differences in yield 
between row spacings. Flowering com¬ 
menced approximately two days earlier 
and maturity occurred seven to ten days 
earlier in solid drilled plots than in culti¬ 
vated rows. Nebraska 852 yielded sig¬ 
nificantly higher than all other varieties. 
The interaction between varieties and 
row spacings was significant. A plant¬ 
ing rate of 30 pounds per acre in solid 
drilling for Afghanistan types may be 
too heavy for maximum yields. 


A comparison of test weight and oil 
content in the seven safflower varieties 
planted shows that high oil content is 
not related to high test weight. Test 
weight is a characteristic of geographical 
types and does not necessarily indicate 
oil content. Introductions from Africa 
grown in Nebraska vary in test weight 
from 38 to 45 pounds per bushel. Hin¬ 
dustan and Russian introductions are 
high ill test weight, 42 to 49 pounds per 
bushel. The Russian varieties are ex¬ 
ceptionally high in test weight and low 
in oil content. Afghanistan types arc 
intermediate in test weight, 40 to 47 
pounds jier bushel. 

Limited data indicate that there may 
be a jiositive correlation between test 
weight and oil (iontent within the same 
variety. Irrigation seems to lower both 
test weight and oil (jontent of all varie¬ 
ties. In the purchase of seed by indus¬ 
try the variety should be taken into ac¬ 
count before placing any emphasis on 
test weight. Varieties can often be rec¬ 
ognized by seed characteristics. For ex¬ 
ample, N-852 seed can easily be recog¬ 
nized from Indian safflower by the longer 
and narrower seed shape. The hull on 
N-852 also has more pronounced ridges 
than Indian. 

Since the uses of safflower oil appear 
to be similar to those of linseed, it is im¬ 
portant to determine the relative yield¬ 
ing ability of the two crops. Data on the 
comparative yields of these crops during 
a four-year period on fallowed and non- 
f alio wed land in western Nebraska indi¬ 
cate that safflower yields on the average 
20 to 25 per cent more pounds of seed 
per acre than flax. The margin of saf¬ 
flower over flax is the highest when soil 
moisture conditions are favorable. Un¬ 
der droughty conditions on non-fallowed 
land flax usually yields as much as or 
more than does safflower. Under irriga¬ 
tion safflower often yields 50 to 75 per 
cent more seed per acre than flax. 

Since flax matures approximately one 
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month earlier than safflower, flax escapes 
the effects of droughts which occur dur¬ 
ing the later part of the growing season. 
More data are needed on the comparative 
yielding ability of these two crops grown 
under the variable climatic conditions of 
the western States. 

Cultural Experiments 

One phase of the safflower research 
program in Nebraska has been to de¬ 
termine the most satisfactory production 
practices. Experimental results from 
1942 to 1944, inclusive, have been pub¬ 
lished (3). Some of the more pertinent 
data on production practices obtained 
during the past three years arc pre¬ 
sented in the original publication of this 
article in the Chemurgic Digest. 

^ Breeding for Higher Oil Content 

An important part of the safflower 
breeding program has been to develop 
varieties with high oil and low hull con¬ 
tent. During the past few years some 
500 to 700 oil and hull analyses were 
made each year on seed from individual 
plants selected from the better introduc¬ 
tions. These analyses have shown that 
thei*e is a strong negative relationship be¬ 
tween oil and hull content. Seed which 
contains a high percentage of oil will con¬ 
tain a low percentage of hull. The oil 
content of seed introduced from North 
Africa and the Middle East has varied 
from 22 to 34 per cent. Seed from most 
introductions contained less than 30 per 
cent oil and more than 50 per cent hull. 

Most introductions are not pure for 
oil content. For example, single plant 
reselections from the Special Russian 
variety vary in oil content from 17 to 38 
per cent, and in hull content from 35 to 
64 per cent. The Special Russian variety 
averages approximately 29 per cent oil. 

A number, of individual plants origi¬ 
nally selected from varieties of three dis¬ 
tinct types contain from 37 to 39 per 
cent oil. By reselecting in the progeny 


of these plants, it should be possible to 
purify lines that will average 36 to 37 
per cent oil within several years. In 
order to increase oil and reduce hull 
content still further, crosses are now 
being made between high oil content 
plants of distinct types. 

Present Status of Commercial 
Production 

During the 1930’s farmers in Montana 
grew a few thousand acres of safflower of 
the Russian varieties. As previously 
stated, these varieties contained only 22 
to 26 per cent oil. The few quotations 
made by industry for safflower of that 
oil content were not high enough to en¬ 
courage production. 

During the past four yqars, 8 to 20 
farmers located in western Nebraska 
have been growing several hundred aeres 
of Indian safflower each year. In 1946 
Cargill, Inc., became interested in pro¬ 
moting and processing safflower. As a 
result of this interest, in 1947 there were 
approximately 4,000 acres grown. This 
acreage was centered in southeastern 
Montana. Seed produced on this acreage 
which was not kept for 1948 planting 
was purchased by Cargill, Inc., for 75 
per cejit of the prevailing flaxseed price 
on a poundage basis. Approximately 
1,200,000 pounds of seed were processed. 
A production of 15,000 acres of safflower 
w^as estimated for 1948. This acreage 
was widely scattered in Montana, 
Nebraska, Washington, Idaho, Oregon 
and North Dakota. 

,^Indian safflower has been the only 
variety grown ' during the past four 
years. Seed from this variety averages 
28 to 30 per cent in oil. Although it is 
very impure, most plants are spiny. 
Orange is the predominant flower color. 
At the present time it is the only variety 
available in quantity for commercial 
production. 

Nebraska 852, an introduction from 
the Anglo-Egyptian Sudan, is now in the 
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process of being increased for com- cent oil. It is distinctly different from 
mercial planting. It is reasonably uni- Indian, is superior in yield and rapid 
form for type but is not pure for flower growth early in the season. N-852 is 
color. The predominant flower color is more susceptible to grasshoppers than 
yellow. This variety averages 34 per Indian. A total of 3,500 pounds of 
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N-852 was released to Nebraska farmers 
and to a few Agrricultiiral Experiment 
Stations in the western States for plant¬ 
ing in 1948. 

Nebraska 55, a selection made in 1943 
from Pusa 14, is being increased in Ore¬ 
gon. This selection is similar in appear¬ 
ance and yield to Indian. Its chief ad¬ 
vantage over Indian is that it has 1 to 
IJ per cent more oil. It is uniform for 
type and is pure orange flowered. In 
1947 a total of 5,500 pounds of Nebras¬ 
ka 55 seed was produced in northeast 
Oregon. 

A number of other Nebraska selections 
have been increased to a few pounds. 
Some of these selections are spineless and 
contain 29 to 30 per cent oil. These 
will be tested for yield during the next 
several years and may be released later. 

Recommendations for Seed Increase 

During the past four years some dif¬ 
ficulty has been encountered in maintain¬ 
ing pure safflower see^l of good quality. 
Small grain and some weeds such as wild 
sunflowers are difficult and in some (‘ases 
impossible to separate from safflower 
seed with the usual type of seed cleaner. 
In order to maintain pure seed supplies 
the following suggestions are made; (a) 
Safflower for seed increase should be 
planted on summer fallowed land. If 
this is not possible, it should follow some 
crop other than small grain or safflower. 
(b) Planting should be in cultivated 
rows 36 to 42 inches apart so that the 
field can be rogued if necessary. It is 
easier to rogue if not more than five to., 
eight pounds of seed per acre are ’ 
planted. The best time to rogue safflower 
is immediately after the last cultivation 
which normally occurs during the latter 
part of June or the forepart of July. 
The spines are not so objectionable then 
as they are later in the year, (c) Since 
safflower is cross-pollinated from 5 to 
100 per cent by insects (2), seed increase 


fields should be isolated from other saf¬ 
flower varieties at least 40 rods and 
preferably considerably farther. (d) 
Harvesting should be done soon after 
maturity so that germination will not 
be reduced by fall rains. 

Harvesting 

Because of spines on the leaves of 
most varieties now available for com¬ 
mercial production, combine harvesting 
is essential. Since the crop does not 
shatter or lodge, harvesting can be de¬ 
layed two to four weeks after maturity, 
if necessary, to fit other labor needs on 
the farm. Delayed harvesting is not 
advisable if seed is to be used for plant¬ 
ing. In order to prevent cracking the 
seed, it is essential to reduce cylinder 
speed to approximately 500 r.]).m. 

Proper wind and sieve adjustments of 
combine will remove practically all 
leaves, stem parts and unfilled seeds. 
There is usually a low percentage of un¬ 
filled seed in all safflower grown. 

Conclusions 

In the past safflower has been an oil¬ 
seed crop of only minor importance. It 
appears now that this c.rop can be suf¬ 
ficiently improved by breeding so that in 
the near future it may be of considerable 
economic importance in western United 
States. Experimental data on safflower 
oil indicate that it would be satisfactory 
in the paint, varnish and allied indus¬ 
tries. Feeding experiments with the 
oilseed meal from decorticated (hulled) 
seed show that it is at least equal to soy¬ 
bean meal in feeding value. 

Data presented on production prac¬ 
tices show that safflower in western 
Nebraska should be planted between 
April 10 and Mny 5. Planting can be 
either in solid drilling, as in wheat, or 
in cultivated rows. In solid drilling, 
safflower competes with weeds better 
than does flax but not so well as do the 
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small grains. There is wide variation 
in satisfactory planting rates. 

Nebraska 852, an introduction from 
the Anglo-Egyptian Sudan, is the best 
variety now available for production. 
New varieties are, however, being devel¬ 
oped at the University of Nebraska 
which will be superior in yield and oil 
content to Nebraska 852. These should 
be available for planting within a few 
years. 

Since the oil content in safflower seed 
is so variable (19 to 38 per cent), the 
oil percentage of the variety considered 
for commercial production will have a 
direct bearing on the price which can be 
paid for the seed. Varieties which aver¬ 
age less than 28 per cent oil should not 
be considered for this purpose. As soon 
as varieties which average 84 or more 
per cent oil are available, it seems 
probable that safflower will find a per¬ 
manent place ill the agriculture of a 
number of western States. The produc¬ 
tion of safflower woidd add another cash 
crop to areas which are predominantly 
cropped to wheat. This may be of value 
should an overproduction of wheat occur. 
Safflower production in this area would 
also add a valuable oilseed meal to the 
adjacent range land. 

Now that a commercial market for 
safflower seed has been established, con¬ 
siderable encouragement has been given 


to the expansion of production in the 
western States. 

Literature Cited 

1. Garrick, li. L. and Nielsen, IT. K. Saf- 

flovv(‘r, a neglected protective coating ve¬ 
hicle. Am. Paint Jour. 22; 7-9, and 18- 
26, No. 22; 13-21 and 44-46, No. 45; 12- 
14 and 43-48, No. 47; 20-29, No. 48; 52- 
60, No. 49. 1938. 

2. (Maassen, ('I. E. [Unpubl.] 

3 . - and Kiesselbacdi, T. A. Experi¬ 

ments with salllower in western Ne¬ 
braska. Neb. Agr. Exp. Sta. Bull. 376. 
1945. -- 

4. Kupzow, A. J. The geographical vari¬ 

ability of the s})ecies Cart ham us tine- 
torius L. Bull. Appl. Bot., Genet. & 
PI. Breed. kScv. 9: 99-181, No. 1, 1932. 

5. Pugsley, A. T. and Winter, G. Safflower; 

a potential oil crop for paint. Australia 
Munitions Supply Lab., Report No. 171. 
1947. 

6. Rabak, Frank. Safflower. A possible new 

oilseed crop for the Northern Great 
Plains and far western states. U. S. 
Dept. Agr. Cir. 366. 1935. Revised. 

7. Roa, M. Venkoba. Inheritance of charac¬ 

ters in safflower. Madras Agr. Jour. 31: 
141-148. 1943. 

8. Van Loon, J. Safflower oil. Verf-kronick 

10: 80-82. 1937. | Eng. trans.] 

9. Agricultural Experiment Station of the 

University of Nebraska College of Agri¬ 
culture, 59th Annual Rejmrt, pp. 70, 74, 
and 102-103. 1946. 

10. Nebraska Chcinurgy Project of the Uni¬ 
versity of Nebraska 5th Annual Report. 
Chemurgy Project Bulletin No. 6, pp. 
5-8. 1947. 


Utilization Abstract 


Drug Plants of Africa. This is the title 
of a 125-page booklet by Thomas S. Githens, 
M.D., published by the University of Penn¬ 
sylvania Press as African Handbook No. 8 
of the University Museum. In addition to 
introductory chapters on the chemical basis 
and utilization of drug plants it lists by 


common name,s, scientific names, geograph¬ 
ical sources and uses over 1400 species of 
plants under the following categories: Plant 
Drugs Exported, Generic 'Synonyms, Chem¬ 
ical Basis of Drug Action, and Utilization 
of Plant Drugs. 



Cinchona Cultivation in Guatemala— 

A Brief Historical Review up to 1943 

The first American planting of cinchona was in 1860 
in Guatemala and Jamaica. Subsequent investments 
in Guatemala by private and governmental agencies, 
negligible until stimulated by the recent war, have 
culminated today in plantations aggregating only 
about 1,000 acres with 1 3/4 million trees. 

WILSON POPENOE 

Director, Escuela Agricola Panamericana, Tegucigalpa, Honduras 


Introduction 

At first {?lanee it seems remarkable 
that two hundred years should have 
elapsed between the discovery of ein- 
ehona (about 1630) and its adoption as 
a cultivated plant. But this is not so 
stranj^e when we pause to recall that 
cinchona, in its more valuable forms, is 
not an easy tree to cultivate, and that 
there were ample supplies of wild bark 
to meet demands in Europe and Amer¬ 
ica. 

. It was not until the British and Dutch 
undertook the development of the Asi¬ 
atic tropics that the necessity for brinj?- 
iuf^ cinchona into cultivation became aj)- 
parent. Throughout the Indies malaria 
was a scourge affecting millions of 
people. Serious-minded investijiators 
who visited the cinchona forests of the 
Andes returned to Europe statinj,^ that 
the supply of wild bark was dwindling, 
the trees in danger of complete exter--. 
mination. 

In 1813 Dr. Ainslie bemoaned the 
fact that India did not ^row her own 
cinchona bark, a sentiment reiterated by 
Dr. Royce in 1835; and in Java the 
botanists Pritze, Miqnel and others 
urged the introduction of the tree into 
that island. 

The Dubih were the first to take ac¬ 


tion, but the British were not far be¬ 
hind. The year that llasskarl left for 
the Andes (1852), efforts were made to 
get the British government to send out 
an expedition. These did not bear fruit 
until 1859 when Clements R. Markham 
was instructed to organise an explora¬ 
tion of all important cinchona-produc¬ 
ing regions and bring to India planting 
material—seeds and young trees—of as 
many promising forms as possible. 
Thus began one of the most dramatic 
and important series of events in the 
entire history of plant introduction. 
The work was successful; but it re¬ 
mained for Charles Ledger, an English¬ 
man living in Upper Peru (now Bo¬ 
livia), to lay the foundations of the 
modern cinchona industry in the Par 
East by obtaining seeds of a superior 
strain from the region of Coroico in 
1865. 

Cinchona in Jamaica 

Markham did not limit his program 
to India; he included Jamaica. So far 
as .we have been able to ascertain, this 
was the beginning of cinchona cultiva¬ 
tion in the American tropics. In his 
classic work, “Peruvian Bark’' (Lon¬ 
don, 1880), Markham states that the 
first seeds were sent to Jamaica in 1860 
and planted on the Blue Mountains near 



CINCHONA CULTIVATION IN GUATEMALA* 


151 


Bath. About 1868 a further supply of 
seeds was sent to that island from Cey¬ 
lon. The later history—and ultimate 
failure—of cinchona planting in Ja¬ 
maica need not be recounted here. 

First Attempts in Guatemala 

Though Markham sent seeds to Mex¬ 
ico, where they were planted near Cor¬ 
doba in 1872, nothing came of the ef¬ 
fort; and we can turn our attention to 
Guatemala, the only tropical American 
country where serious attempts were 
made to grow cinchona in these early 
days. 

Emili Pilli, who brought together in 
1942 much documentary material re¬ 
garding the history of cinchona culture 
in this Republic, states that Julio Ros- 
signon was the first to plant the tree 
here. The date is given as 1860, the 
location near Coban. Rossignon is 
known also for having been the first to 
send seeds of teosinte {Euchlacna) to 
Europe. Pilli states that Rossignon’s 
cinchona trees received little attention 
and finally disappeared. 

The first serious attempt to grow cin¬ 
chona commercially in Guatemala seems 
to have been that of the Sarg family, of 
which we have reliable details in the 
memoirs of Franz Sarg, * ‘ Dcutschtum 
in der Alta Verapaz/’, 1938. 

Our (diief interest in those early 
plantings is to trace the origin of the 
seeds employed, since it is from these 
seeds that many of the trees growing in 
the Republic have descended. Sarg 
states definitely that the stock used by 
his family was obtained from Ceylon 
through the good offices of Prince Niko¬ 
laus of Nassau, and that the year was 
1878. 

In this same year the Minister of 
Agriculture, Manuel Herrera, addressed 
a lengthy memorandum to President 
Justo Rufino Barrios, pointing out the 
advantages of cinchona cultivation and 
urging that the government take steps 


to foster the introduction and establish¬ 
ment of cinchona trees. In 1878 Presi¬ 
dent Barrios issued a decree sponsoring 
the project, and offered prizes to those 
who would make plantings. Under the 
terms of this decree, the Sarg brothers 
received in 1882 the sum of $1,500 for 
their planting of 2,200 trees, which at 
that time were two years or more of 
age. Pilli states that the Alcalde of 
Coban, who had these trees examined, 
reported that they were of two species, 
Calisaya and siiccirubra. 

In connection with the taxonomy of 
Cinchona, not only in the early days 
but right down to the present time, the 
greatest caution must be exercised. 
Early studies suggested, and more re¬ 
cent investigations have amply demon¬ 
strated, that cinchonas in the wild are 
subject to such extreme variation—and 
there are so many hybrids—that spe¬ 
cific names may mean very little. 

The next step of importance seems to 
have been taken by the government of 
Guatemala which in 1883 contracted 
the services of W. J. Forsyth, an Eng¬ 
lishman who had worked with cinchona 
in the Asiatic tropics. Under the terms 
of his contract, Mr. Forsyth went to 
Ceylon and brought back seeds with 
which nurseries were established in a 
number of places. Since the succiru- 
bras which were obtained by Richard 
Spruce on the slopes of Chimborazo in 
Ecuador were at that time being culti¬ 
vated extensively in Ceylon and India, 
it is reasonable to believe that much of 
the Forsyth stock was of that strain, an 
assumption borne out by the appearance 
and the alkaloid-pattern of many trees 
now in Guatemala which originated in, 
or have descended from, the Forsyth in- 
troduedions. 

Pilli presents some interesting figures, 
as of 1884, regarding the location and 
extent of the Forsyth plantings. These 
data are of value to us in connection 
with the history of the material with 
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which we are working today. Of par¬ 
ticular importance is the planting at 
Pinca El Porvenir, made under the 
direction of President Justo Rufino 
Barrios, who was the owner of the prop¬ 
erty and who rightfully may be called 
the father of cinchona cultivation in 
Guatemala. This honor, however, should 
perhaps be shared with others—notably 
the Sarg brothers of Coban, and Don 
Manuel Herrera, Minister of Agricul¬ 
ture. 

After the death of Barrios the Re¬ 
former, cinchona culture entered a 
period of decline due to several fac¬ 
tors, some of which can with difficulty 
be evaluated at this late day. Colom¬ 
bia was shipping large quantities of 
wild bark, much of it better in quality 
than that being grown in Guatemala; 
Java was coming into production with 
its fine Ledgeriana barks; prices were 
falling in world markets; and coffee 
was King. 

The Beginnings of a New Era 

Throughout the 1890 ^s and the first 
three decades of the 1900’s, cinchona 
cultivation in Guatemala was in the dol¬ 
drums. Many of the trees which had 
been planted for shade in coffee fincas 
were destroyed. Experimental ship¬ 
ments of bark which were occasionally 
made to the United States and Europe 
usually resulted in loss—or at best no 
satisfactory profit—to the growers. The 
preponderance of succirubra blood in 
practically all of the Guatemalan trees 
rendered impossible any competition 
with Ledgeriana barks from Java. 

During the first World War a serious 
situation developed with regard to sup¬ 
plies of quinine needed by the Allies. 
In subsequent years it was realized that 
an effort must be made to achieve inde¬ 
pendence of the Far East with regard 
to this important product. 

The genesis of this effort is set forth 
by Frederic Rosengarten, Jr., in his 


“History of the Cinchona Project of 
Merck and Co. Inc., and Experimental 
Plantations Inc., 1934-1943”, from 
which I quote the following paragraph: 

“In early 1932 Merck and Co. Inc. 
considered the advisability of develop¬ 
ing Cinchona in the Western Hemi¬ 
sphere, at the suggestion of, and in co¬ 
operation with, the State Department of 
the United States. It was deemed ex¬ 
pedient to build up supplies of cin¬ 
chona bark in the Americas in order to 
become independent of the Dutch Qui¬ 
nine Monopoly. It was logical that 
Merck and Co. Inc. should have been 
keenly interested in bringing cinchona 
cultivation back to the Americas, in view 
of the fact that this Company, through 
its predecessors, had maintained an un¬ 
broken interest in the extraction of qui¬ 
nine from cinchona barks since 1822, 
when Farr and Kiinzi commenced the 
operation of a quinine factory in Phila¬ 
delphia, two years subseejuent to the 
isolation and identification of quinine 
as a crystalline compound by the 
French chemists Pelletier and Caven- 
tou”. 

After a brief and unsuccessful at¬ 
tempt to establish cinchona in the south¬ 
ern United States, Guatemala was 
chosen as the base for experimental 
work. Some of the arguments in favor 
of this country were the following: (a) 
it is nearer the United States than the 
cinchona regions of the Andes; (Z>) its 
government was favorably disposed to¬ 
ward projects of this sort; (c) experi¬ 
ence of the previous century gave 
'* grounds for believing soil and climate 
were suitable; and (d) there were pres¬ 
ent in Guatemala considerable numbers 
of intelligent, progressive coffee plant¬ 
ers, prepared tg cooperate in the work 
with energy and determination. 

Col. Victor E. Ruehl was delegated 
by Merck and Co. Inc. to undertake the 
organization and development of the 
project. He came to Guatemala in the 
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spring: of 1934 with a supply of Ledg:- 
eriana seed which had been purchased 
in Java. His first act was to establish 
close contact with the Director of Agrri- 
culture, Don Mariano Pacheco H., a 
man peculiarly fitted to assist because 
of his keen interest in new crops and 
his unusual ability as a plaiitsman. 

Col. Ruehl travelled widely over the 
Republic, seeking out what appeared to 
be favorable sites for experimental 
plantings, lie was warmly received by 
the fiiiqueros (coffee planters), and 
shortly entered into arrangements with 
the late Gordon Smith of Finca Moca 
near Gnataloii; L. Lind Pettcrsen of 
Finca Zapote, Escuintla; Pedro G. Co- 
fiho of Finca Retana, Antigua; and 
Gustavo llelmrich of Finca Sainac, 
Coban. 

At that time, Guatemalan agricul¬ 
turists had no experience with Ledgeri- 
anas—except at Finca El Porvenir 
whore Dr. Goebel had planted a few 
trees. Everyone had to start from 
scratch. Col. RuehPs first need was for 
nurserymen to propagate and grow the 
Java stock. lie obtained from the 
United Fruit Company two young men 
trained at Lancetilla Experiment Sta¬ 
tion in Honduras: Jorge Beiutez, an 
Ecuadorian; and Hans Franke, a Ger¬ 
man. These men were ])Ut in charge of 
nursery work, cooperating witii the fin- 
(pieros mentioned, who furnished all fa¬ 
cilities. 

S(*edbeds were established at Retana, 
in Antigua; at Finca El Zapote ; at Finca 
Moca; and at Finca Sainac near Coban. 
In addition, some of the Java seed Avas 
left at Washington to be propagated in 
the greenhouses of the United States 
Department of Agriculture, and some 
was given to Don Mariano Pacheco. A 
small quantity was sent to Lancetilla 
Experiment Station in Honduras but 
failed to grow at that low elevation. 

The seedbeds at Retana were a fail¬ 
ure. We have since learned that Ledg- 


eriana is not suited to that location— 
perhaps in part because of climate, in 
part because the soil is not sufficiently 
acid. The first plantings made at Za¬ 
pote also failed because the seeds were 
killed, it is believed, by formalin treat¬ 
ment aimed to prevent the development 
of disease. A stand was obtained at 
Moca, but it was soon observed that the 
plants w^ere not doing well, and the 
stock was removed, in the main, to 
Finca Helvetia, also under the direction 
of Gordon Smith. Gustavo llelmrich 
at Coban, working alone, grew some 
plants and established what was, until 
destroyed by floods in October, 1940, 
one of the best plantations in Guate¬ 
mala. Fortunately, before these trees 
were lost, many of them were propa¬ 
gated by grafting as well as by seed. 

Don Mariano Pacheco grew a fine 
stock of plants which were later distrib¬ 
uted to various places. B. Y. Morrison 
of the U. S. Department of Agriculture 
sent to Guatemala not only many plants 
grown from the Ruehl seed, but many 
others grown from seed obtained from 
the Philippines; from Amani, Africa; 
and elsewhere. Seeds from old trees 
near Coban, at Helvetia, and other 
places in Guatemala were also planted 
in various nurseries. 

The Kinds of Material 

Before proceeding further it becomes 
necessary to discuss briefly the kinds of 
cinchonas with which we are dealing. 
The subject is almost hopeless if we ad¬ 
here to a })urely botanical (dassification. 
Ever since WeddelPs time (the 1840^s), 
the botany of the genus Cinchona has 
baffled every student. The best-known 
kind of cinchona, Ledgeriana, is itself 
so variable, and has been subject to so 
much crossing with other forms, that it 
is hard to say just what constitutes a 
Ledgeriana tree and what does not. 
Sir Frank Stockdale, in his report on 
cinchona culture in Java (1938), writes: 
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‘‘Survivors of the original planting are 
still to be seen on the estate and it is 
clear that the seed was heterozygous as 
in the population raised from it many 
variations in habit of growth, leaf and 
bark characteristics are to be noticed’’. 
And elsewhere it has been stated that 
among these original trees, grown from 
Mr. Ledger’s Bolivian seed, there is a 
range in quinine sulfate content from 
3% to 13%. 

And again, the wild form of C. pu- 
hescens or succirubra in Costa Rica 
contains practically no quinine; while 
the wild form from the slopes of Chim¬ 
borazo in Ecuador (from which it is 
probable that most of the succirubras in 
cultivation have been derived) some¬ 
times contains as much as 5%. It is 
therefore obvious that the agriculturist 
must devote little attention to the botan¬ 
ical classification of the material with 
which he works and much to its charac¬ 
teristics of growth and its economic 
value. This is made even more obliga¬ 
tory by the fact that much of the mate¬ 
rial in cultivation is undoubtedly the 
result of hybridization, often between 
a known pistillate and an unknown 
•staminate parent. 

At the same time, we must take no¬ 
tice of the botanical classification of our 
cinchonas because there are characteris¬ 
tic differences in what may be termed 
the alkaloid pattern of these wild forms. 
Thus, the Calisayas normally show a 
preponderance of quinine over the other 
principal alkaloids—cinchonine, cincho- 
nidine and quinidine; while the succi- 
rubras do not have this preponderance f: 
and the micranthas typically show al¬ 
most no quinine at all. 

Early efforts to split the genus into 
many species which do not always come 
true from seed proved hopeless from 
the standpoint of the practical agricul¬ 
turist, as they have proved to be from 
that of the sound botanist. The ten¬ 
dency now is to recognize only a few 


well-defined species and admit that 
within each of them there are many 
forms of varying economic value. 

In the early days of cinchona ex¬ 
ploitation in the Andes the wild forms 
acquired common or trade names, and 
it may be well for us to follow these in 
part. Sir Clements Markham listed the 
principal wild sources of commercial 
bark as follows: 

C. Caliaaya (Bolivia and Peru) Yel¬ 
low Bark or Calisaya. 

C. succirubra (now called C. puhes- 
ccns) Ecuador, etc. Red Bark. 

C. micrantha (Ecuador and Peru) 
Gray Bark. 

(\ officinalis (Colombia and Ecua¬ 
dor) Crown Bark. 

C. Pitaycrisis (Colombia and Ecua¬ 
dor) Colombian or Pitayo Bark. 

Of the above species, one of the most 
recent students of the genus, Paul C. 
Standley of Chicago, recognizes only C, 
officinalis, C. pubcscens, C. micrantha 
and C. pitaycnsis, including the Cali¬ 
sayas or Yellow Barks in G. officinalis. 
Certain other botanists, however, do not 
agree in this. The divergence of opin¬ 
ion is of little importance, compared 
with the discrepan(‘y between some of 
the earlier classifications, which made 
30 to 40 species of the above, and the 
present simplified outlook. 

The Work in Guatemala Continues 

The Ledgerianas planted in Guate¬ 
mala in 1934 from Java seed showed 
many variations from the start; never¬ 
theless there could be recognized a nar¬ 
row-leaved form which was considered 
to be the type and which in general 
showed the highest content of quinine. 
At Finca El Zapote these narrow-leaved 
forms (which had come from the Wash¬ 
ington stock, shipped down after the 
original seed failed to germinate in 
Guatemala) i^romptly began to die out, 
while the broader-leaved forms survived 
in small numbers and have given rise to 
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a group of plants, eonsidored to be hy¬ 
brids, which are of strong growth and 
good quinine content, though not so high 
as some of the narrow-leaved Ledgeri- 
anas. L. Lind Pettersen took up with 
energy the study and propagation of 
these forms, and they are generally eon- 
s^lered, at the present writing, to be 
some of the most promising in all Guate¬ 
mala for eommereial cultivation. 

At Finea Moca a few Ledgerianas 
which were planted in the field have 
done fairly well; but most of the stock 
which, as has been mentioned, was re¬ 
moved to Helvetia has done much bet¬ 
ter; and Helvetia at present has the 
largest planting in (Guatemala of the 
narrow-leaved Ledger!ana forms. From 
Helvetia plantings were made at Finca 
Patzulin where also the narrow-leaved 
forms have done well. It is to be noted 
that the soils at these two i)laces in gen¬ 
eral show a more acid reaction than 
those of the lands farther to the east¬ 
ward on the Pacifica side of Guatemala. 

At Finca Pananm, Guatalon, both 
Owen Smith and Merck and Co., Inc. 
planted many Ledgeriana seedlings. 
Here as at Zapote the results with the 
narrow-leaved types have not been sat¬ 
isfactory, while the broad-leaved forms 
have done well. Only a few trees sur¬ 
vived out of some 3,000 ‘'Philippine 
Jjedgers^^ sent down from Washington, 
and these were all broad-leaved forms lo¬ 
cally considered to be hybrids. 

In 1039 Merck and Co., Inc., feeling 
encouraged by the general progress of 
the project which had been able to sur¬ 
vive in spite of a difficult financial situ¬ 
ation among local finqueros imndent to 
the low price of coffee in the 1930’s, 
considered the time had arrived to ex¬ 
pand their own activities and purchased 
Finca El Naranjo, above Chicacao, in 
the department of Suchitepequez. The 
headquarters of Hans Franke and Jorge 
Benitez were moved to this property 
(they had previously been living on 


fincas of the cooperators, Benitez at Za¬ 
pote and Franke at Helvetia); and F. 
C. Armstrong, an Englishman with 
plantation experience in the Far East, 
was employed as general supervisor of 
the work. This arrangement was ter¬ 
minated in May, 1940, when Wilson 
Popenoe was loan(‘d by the United Fruit 
Co. for six months to assist in develop¬ 
ing the project. 

Earlier in 1940 B. A. Krukoff, a bot¬ 
anist with extensive tropical experience, 
had visited Guatemala on behalf of 
Merck and Co., Inc., and with him had 
come Frederic Kosengarten, Jr., who 
remained at Naranjo to assist in carry¬ 
ing out the development of extensive 
seedbeds at this and other places. 

The year 1940 was an im])ortant one 
for the new industry in Guatemala. 
Not only were large (piantities of Cali- 
saya seed from South America planted 
at Naranjo, at Zapote, at P''inca Panama, 
at Helvetia and at Patzulin, but efforts 
were made to organise the experimental 
work along many important lines. Thus, 
for example, a uniform system of num¬ 
bering individual trees for identification 
was adopted by the collaborating ex¬ 
perimenters, after much study and ef¬ 
fort on the part of Owen Smith, in par¬ 
ticular. The “Individual Tree Bec- 
ord^’, pre])ared by Popenoe and Kru¬ 
koff, was adox)ted, thus making possible 
for the first time the preservation of 
data in an organized form. And bark 
sampling, now feasible because the 
Ledgers grown from the Java seed had 
attained in some instances sufficient size 
to yield worthwhile specimens, was un¬ 
dertaken on a large scale. Particular 
credit should be given Mr. Kosengarten 
for his tireless efforts in se(‘uring and 
preparing bark samples from ail areas, 
.samples which were sent to Mer(‘k and 
Co., Tnc., at Rahway, New Jersey, for 
analysis. 

Tn August of this same year William 
Pennock, who had worked with cin- 
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chona at the U. S. Department of Agri¬ 
culture’s Experiment Station in Puerto 
Rico, was employed by Merck and Co., 
Inc., to undertake horticultural inves¬ 
tigations at Naranjo. John Smith, son 
of Gordon P. Smith, who had returned 
from the Imperial College of Tropical 
Agriculture, Trinidad, B. W. I., took 
charge of cinchona experiments for the 
interests represented by his father, but 
left toward the end of the year to vol¬ 
unteer for military service with the 
Royal Canadian Air Force. His work 
was ably continued by Per(*y Davies and 
Harold Lewonski of Finca Helvetia. 

In spite of the progress made during 
this year—progress along many sound 
lines—the young industry suffered the 
hardest blow yet experienced, in the 
death of Gordon I^. Smith of Finca 
Moca. Ever since the planting of the 
Java seeds in 1934, Gordon Smith had 
led and inspired the local work, and had 
refused to be discouraged by failures 
and by the difficulties through which 
the coffee industry had been passing. 
For his dogged persistence, his enthusi¬ 
astic support and his willingness to co¬ 
operate at all times and in all ways, the 
cinchona project in Guatemala owes 
much to this able agriculturist whose 
memory will live. 

At the end of 1940 Wilson Popenoe 
turned over the administration of the 
Merck interests, operated locally as Ex¬ 
perimental Plantations, Inc., to Fred¬ 
eric Rosengarten, Jr., who carried for¬ 
ward the activities with vigor and en¬ 
thusiasm. George W. Perkins, Execu¬ 
tive Vice Presidemt of Merck and CdV, 
Inc., and his colleague, R. P. Lukens, 
Director of Manufacturing (who man¬ 
aged the cinchona project from the 
Rahway end), continued to make occa¬ 
sional visits to Guatemala, as they had 
done from the start, guiding and en¬ 
couraging the local cooperators. Both 
these gentlemen have done much to for¬ 
ward the work, not to mention the heavy 


investment of funds which they have ap¬ 
proved with no certainty regarding the 
ultimate outcome. 

Toward the end of 1940 Hans Franke 
left Naranjo, and in 1941 William Pen- 
nock left. Franke was replaced by En¬ 
rique Hoehn, a Swiss citizen with 20 
years experience on coffee plantations 
in Guatemala, and more than usual abil¬ 
ity as a horticulturist. Much time was 
devoted, on all the cooperating proper¬ 
ties, to the care and transplanting of 
the Calisaya seedlings from South Amer¬ 
ica, and to investigation of pressing 
problems. Of particular importance 
was grafting. It was during this year 
that widespread use of this method of 
propagation (^ame into play, and numer¬ 
ous workers were trained in the neces¬ 
sary techniques. L. Lind Pettersen de¬ 
serves great credit for taking a leading 
part in this; Owen Smith at Panama, 
aided by Vidal Cabrera, also pushed 
ahead as did Finca Helvetia, the work 
being based largely on the pioneering 
in this field which had been done by 
tlorge Benitez. 

Some of the Problems 

Obviously all of this progress was 
not attained without encountering ob- 
staedes, nor without making mistakes. 
At the start there was the problem of 
seedbeds. Experience was lacking, and 
literature on the subject was not too 
abundant, nor were the practices therein 
described necessarily the best for Guate¬ 
mala. The fungous disease known as 
“damping off” gave trouble the first 
year or two, but experience showed that 
it could be controlled through proper 
adjustment of ventilation and watering. 

. Attempts to grow cuttings did not 
turn out satisfactorily, probably due to 
inexperience—at least with succirubras 
—since it is now known that this method 
of propagation is extensively used in 
several other regions. Budding was 
tried and not considered very satisfac- 
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tory until results obtained at Finca El 
Zapote, mainly with the stroufj^-j?row- 
inf? hybrids, were so sueeessful as to en- 
couraj>:e others. 

With the arrival of Ralph Pinkiis at 
Naranjo in 1942, increased attention was 
given to problems of propagation at 
that pla('e. Mr. Pinkus has had excel¬ 
lent success with the side-graft, as op¬ 
posed to the veneer-graft originally 
used. 

Data from the various centers of ex¬ 
perimentation continued to accumulate. 
There was need of someone to compare 
growth rates, bark yields, (piinine con¬ 
tents and disease resistance of the many 
clones then growing under different en¬ 
vironmental conditions. Dr. John K. 
Shuman was brought from the United 
States to do this, and his arrival was 
timely, as several peo])le who liad been 
involved in the first experiments were 
gone, records were incomplete in many 
instances, and the burning (piestion was, 
Which clon(*s should be ])1 anted on a 
commercial scale? 

Urowtli measurements were taken by 
thousands, laboratory analyses of bark 
were brought togethei’ for correlation 
with tree behaviour, and a detailed 
statistical study (in which Dr. Shuman 
was aided by Amado Pelen C.) was 
made of* all this information. 

It may be said that this work termi¬ 
nated a definite ptudod in the develop¬ 


ment of cinchona culture in (Guatemala; 
for just at this time the entrance of 
the United States into World War 11 
threw the cinchona alkaloids into a po¬ 
sition of great and immediate strategic 
importance. Programs aiming to obtain 
large supplies of cinchona bark in the 
shortest possible time were pla(*ed on 
foot, not only in Guatemala but also in 
several South American countries. The 
history of these })rejects forms a sepa¬ 
rate chapter in the romantic tah* of cin¬ 
chona which it is not the ])urpose of 
this brief ])aper to discuss, but which 
has already been told in part by those 
who participated. 

Editor’s Note 

Dr. Popciioc’s article induced the editor to 
ask him for some hjijnres conc<*rniiifj the extent 
of cincdiona cultivation at present in the New 
World. To this inquiry Dr. rox)enoe replied 
under date of dune 24, 1948: 

Merck & (V>. have (>00 acres at Einca El 
Naranjo [Guatemala]; most of the trees arc 
at least four or five years old. They have an¬ 
other x)lanling near the Mexican border, but I 
do not know just how large it is. There are 
good-sized coininercial plantings of four or five 
j»rivate growers, and, in addition, the U. K. 
Government has planted a. great many trees on 
a silvicultural basis at Einca El Porvenir 
I Guatemala]. I Avould think it safe to say 
that there are ai)|jroximately 1,000 acres in 
cultivation ’ ’. 

Since these trees have been ))lanted with a 
spacing of 4x4 or 5 x 5 feet, there must >)e 
about 1^ million trees under cultivation. 


Utilization Abstract 


Vegetable Oils of Venezuela. In 

March, 1949, the Food and Agriculture 
Organization of the United Nations pub¬ 
lished a “Report of the FAO Oil-seed Mis¬ 
sion for Venezuela” in which the edible oil 
resources of that country, consisting of 


twelve species of cultivated and wild palms, 
and seven species of other crops, are dis- 
cu.ssed in considerable detail. This report 
will be either abstracted or reprinted in part 
in subsequent issues of ECONOMIC BOT¬ 
ANY. 



The American Peanut Industry 

American production of peanuts was greatly stimu¬ 
lated at the beginning of the present century by the 
depredations o/ the weevil in the Cotton Belt. Apart 
from their use as food, their industrial utilization is 
only in its infancy.and includes conversion of their 
protein into textile fibers and other products. 

C. LEWIS WRENSIIALL 

Director. Foremost Foundation^ 

Penney Farms, Florida 


111 1947, for the sixth suecossivo year, 
the farm production of peanuts in the 
United States exceeded two billion 
pounds. Althouf 2 :h this pi'oduetion 
would make a sizeable heap of peanuts, 
it is not in itself remarkable, being 
dwarfed by our output of such farm 
commodities as corn, wheat and soy¬ 
beans, and being only a small fraction 
—perhaps as little as one tenth—of the 
world production of peanuts. 

As an article of world commerce, pea¬ 
nuts arc valuable principally as a source 
of vegetable oil. The truly remarkable 
feature of the American peanut indus¬ 
try. is that here peanuts are not pro¬ 
duced primarily for oil but rather are 
classed as a food delicacy. Most of the 
American crop is eaten in one form or 
another by the best fed nation in the 
world. 

Peanuts are produced to an important 
extent in India, China, Senegal, Man¬ 
churia, Nigeria, French Sudan, Gam¬ 
bia, Dutch East Indies, Japan, Spaip 
and Argentina, as well as in the United 
States. In India alone the annual pro¬ 
duction runs as high as seven billion 
pounds. China and Manchuria to¬ 
gether normally produce about as many 
peanuts as India. The United States 

1 Foroftiost Foundation, a non-profit organiza¬ 
tion, sponsored by Foremost Dairies, Tnc., Jack¬ 
sonville, Florida, conducts a research program 
a loner lines of recrional interest. 


ranks third in order of production. 
Britain is reported to be planning a con¬ 
siderable expansion of peanut produc¬ 
tion in Africa.- 

Historical 

It was long believed that the peanut 
was of African origin, since it spread 
to other countries from Africa. It is 
now known to be, like (rorn, a native of 
the Americas. Peanuts were grown 
and used as food by ancient South 
American Indians who. placed funerary 
jars containing peanuts in the tombs of 
their dead. Some of these jars, found 
in a prehistoric cemetery near Lima, 
were decorated with replicas of peanut 
pods sculptured in relief, indicating the 
esteem in which peanuts were held by 
these people. While the peanut as we 
know it is not found growing in the 
wild state, about 15 wild species of 
Arachis, more or less resembling the 
domestic peanut, have been found in 
Central and South American countries. 
An unusual variety, with pods two to 
three inches long containing two very 
large seeds, is cultivated by the Namby- 
(piara Indians of Rodanio, Matto Grosso, 
Brazil. 

Probably peanuts were carried from 
South America to Spain and thence to 
Conccrniiig this African peanut project, see 
abstract in ECONOMIC BOTANY 3: 107. 
1949. 
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Africa by the early slave traders. Ap¬ 
parently they flourished in their new 
home and were relished as food by the 
natives. From Africa they were car¬ 
ried to the United States and other 
countries by the slavers who doubtless 
observed that the slaves arrived in ^ood 
condition when fed peanuts, which were 
also a convenient, concentrated form of 
food for carrying in the holds of ships. 

The Spanish peanut, a small-podded 
variety requirinj^ a relatively short 
arrowing season and adaptable to diverse 
conditions, was introduced from Malaga, 
Spain, in 1871. Up to this time the 
peanuts grown in this country were of 
the larger podded types, derived from 
African stock. Introduction of the 
Spanish variety favored the wider 
spread of peanut culture. 

In these early days the growing, har¬ 
vesting, picking, and processing of pea¬ 
nuts were done almost exclusively by 
hand labor. Processing did not amount 
to much, as most peanuts were sold 
parched or roasted in the shell for out- 
of-hand eating. Other uses of peanuts 
were restricted by the large amount of 
hand work involved in shelling and sort¬ 
ing. Considerable acreage of peanuts 
were, however, grown for feeding hogs 
by ‘‘hogging off”, an agreeable arrange¬ 
ment, still widely practiced, whereby 
the soil is enriched and the hogs do the 
work of digging and picking, fattening 
for market in the process. It is said 
that peanut feeding results in soft pork, 
while others maintain that it imparts a 
delectable flavor to the hams. 

The rise of the modern American pea¬ 
nut industry dates from the develop¬ 
ment, in the 1870’s, of machinery for 
picking, cleaning and shelling peanuts. 
Cleaning plants were established in New 
York City and Norfolk, Virginia, in 
1876. In the succeeding years other 
plants were erected, and at the turn of 
the century the Virginia-North Carolina 
area, then the only important produc¬ 


ing district, was ^vell supplied with 
cleaning and shelling factories. 

The spread of peanuts to other areas 
of the South was greatly influenced by 
a major disaster which befell southern 
agriculturalists. This was the incidence 
of the cotton boll weevil in such serious 
proportions as to cause many farmers 
in the Cotton Belt to turn to other crops. 
First in Texas and later, as the boll 
weevil swept eastward, in Alabama, 
Georgia and Florida, the growing of 
Spanish peanuts in place of cotton be¬ 
came prevalent, in the southeastern 
section the Runner type of peanut, prob¬ 
ably derived from the Wilmington or 
African variety, became important. 
Feanut farming was so successful in 
some sections that farmers came to re¬ 
gard the boll weevil as a blessing in dis¬ 
guise. Indeed, Enterprise, Alabama, 
which became the center of a thriving 
peanut-farming area, erected a monu¬ 
ment to the boll weevil. 

As the growing of peanuts spread, 
modern cleaning and shelling plants 
sprang up throughout the South. Be¬ 
ginning in Texas in the early 19()0^s the 
industry contijuied to grow, spreading 
eastward until peanuts were being 
shelled in plants throughout the South¬ 
east, and many of the oil mills were 
crushing peanuts as well as cottonseed. 
Throughout the First World War there 
was a veritable boom in peanuts. 

In the years following the First 
World War the prices for peanuts and 
other farm products declined, and prac¬ 
tical measures for controlling the boll 
weevil came into general use. The acre¬ 
age planted to peanuts fluctuated con¬ 
siderably, and many areas where pea¬ 
nuts had been grown reverted to other 
crops. Peanut production settled down 
to three rather well defined areas, the 
Virginia-North Carolina area, the 
southeastern or Georgia-Florida-Ala- 
bama area, and the Southwestern or 
Texas-Oklahoma area. 
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The long term trend has been toward 
steadily increased consumption of pea¬ 
nuts. Disregarding annual fluctuations, 
the per capita consumption has increased 
from about four pounds in 1919 to al¬ 
most seven pounds in 1939. Since 1929 
the rise in consumption has been rela¬ 
tively steady. With the advent of 
World War 11, consumption jumped 
sharply, exceeding 11 pounds per cap¬ 
ita in 1944 and 1945. It is thus clear 
that peanuts are to be classed among 
the staple foods in the American diet. 

Food Uses and Food Value 

The popularity of ])eaiiuts as an 
American food stai)le is in many ways a 
puzzling phenomenon. It would seem 
that the lowly goober provided at first 
merely an acceptable substitute for the 
more expensive and less accessible va¬ 
rieties of nut. In the early days most 
commercial peanuts were sold roasted in 
the shell for out of hand eating. In 
this form they proved popular also wuth 
monkeys and el(‘phants. The association 
of peanuts in the shell with baseball 
games, carnivals, zoos and (ircuses con¬ 
tinues to this day and in the minds of 
many people constitutes the chief us(» 
for peanuts. 

With the advent of a machine-shelled 
product the tastier salted peanut made 
its appearance and soon gained wide 
popularity, (-andy manufacturers, too, 
turned to shelled peanuts for the nut 
ingredient of their wares. Consumption 
of peanuts in these forms soon far ex¬ 
ceeded that of peanuts in the shell. 

It remained for peanut butter, how¬ 
ever, to provide the greatest single out¬ 
let for peanut as food. After a slow 
start as a ‘^health food'’ this simple 
prodiK't—essentially just ground roasted 
peanuts with salt—has in recent years 
accounted for about as many peanuts as 
all other food uses combined. 

Although it may be doubted that it 
has had much to do with stimulating 


consumption, the fact is that, from the 
point of view of nutrition, the peanut 
is almost in a class by itself amongst 
low priced food products. It is, in the 
first place, about as concentrated a food 
as money can buy. One gram supplies 
5.8 food calories. This compares with 
4 calories per gram for sugar, 3.5 calo¬ 
ries for whole wheat, 2.6 calories for 
bread, 2.3 calories for beefsteak, and so 
forth. The high calorific value of the 
peanut is due to its low moisture con¬ 
tent—about one ])ercent in roasted forms 
such as p(‘anut butter—and its high con¬ 
tent of oil which makes up approxi¬ 
mately 50 percent of the kernel. 

The peanut kernel as a whole is highly 
digestible. The principal constituents 
are oil, protein and carbohydrate, in 
that order. The oil is almost ('omplet(*ly 
digestible and ranks with butterfat in 
food value if vitamin-A content is not 
taken into consideration. Peanut pro¬ 
tein also is highly digestible, either 
raw or cooked. In fact, there seems to 
be no reasojiable basis for the prejudice 
against eating raw peanuts. The carbo¬ 
hydrates present are principally ordi¬ 
nary sugar and star(*h, but the total 
content is relatively low, making the 
p(*anut suitable for use in low-carbohy¬ 
drate diets. 

The ])eanut’s principal claim to nutri¬ 
tional fame lies in its rich content of 
high quality protein. Vegetable pro¬ 
teins in general are less valuable foods 
than the animal proteins. The biolog¬ 
ical value of peanut protein is among 
the highest of the vegetable proteins 
•aiid has been reported to be almost 
equivalent to that of casein. Further¬ 
more, the composition of peanut pro¬ 
tein is such as to supplement the defi¬ 
ciencies of the cereal proteins—a good 
argument for the use of peanut butter. 
Because it is such an excellent protein 
source, the peanut compares favorably 
in food value with more expensive foods 
of animal origin. 
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Peanuts are rich in some vitamins, 
almost wholly lacking in others. In 
general, the members of the B complex, 
especially thiamin, riboflavin and nico¬ 
tinic acid, are present in important 
amounts. Peanuts are also a good 
source of vitamin E, but vitamins A, 
C and 1) are not present in appreciable 
amounts. Recent work, as yet unpub¬ 
lished, sponsored by the National Pea¬ 
nut Council at Southern Research In¬ 
stitute, shows peanut foods to be good 
sources of folic acid, a B vitamin which 
is now known to play an important role 
in the prevention and cure of pernicious 
anemia. 

With regard to minerals, phosphorus, 
(falcium and iron are present in signi- 
cant amounts, while the presence of a 
number of the so-called ‘‘trace ele¬ 
ments”, such as copper and zinc, has 
been detected spectroscopically. 

From a nutritional y)oint of view there 
s(*em to be excellent reasons why pea¬ 
nuts should continue to grow in favor 
as food. 

Peanut Culture 

Peanut farming is fraught with prob¬ 
lems and difficulties, some of which are 
the result of the unusual growth habit 
of the peanut plant, especially the bear¬ 
ing of the fruits underground, while 
others are related to what might be 
(*alled the physiological peculiarities of 
peanuts. In the opinion of many, these 
drawba(tks have been largely responsi¬ 
ble for limiting the development of the 
peanut industry. In fact, considering 
the potential usefulness of peanuts in 
both food and industrial fields, it is not 
too much to say that the future of the 
industry depends to a great extent upon 
finding practical solutions to the prob¬ 
lems of peanut culture. 

Whether or not the peanut should 
really be called a ‘‘nut” at all is per¬ 
haps a debatable point. Certainly the 
name is predicated on the nutty char¬ 


acter of the fruit rather than on botan¬ 
ical considerations. 

The peanut plant bears many resem¬ 
blances to other common legumes, such 
as peas and beans, to which it is, in fact. 


Fig. 1. Spanish peanut plant. Note up¬ 
right habit, fruits attached to steins but 
closely grouyied around base, separate root sys¬ 
tem with main tap root and well nodulated 
branch roots. (Courtesy Ga. Agr. Exp. Sfa.) 

closely related botanically. If only its 
fruits, like those of its cousins, were 
found dangling conveniently in the air. 
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not only would the resemblance be com¬ 
plete but its culture would be greatly 
simplified. It may even be doubted 
that the worthy soybean would ever 
have stood a chance against such a com¬ 
petitor. 

It is a common misconception that 
the peanuts grow on the roots of the 
plant. This, of course, is entirely er¬ 
roneous, since the flowers from which 


at its tip. It grows out and down, forc¬ 
ing its way an inch or two into the 
soil where finally the seed pod and seeds 
develop. 

Sometimes the peg develops immedi¬ 
ately after the flower drops, but it is 
common for peg emergence to be de¬ 
layed for days or weeks, and commonest 
of all for it never to emerge at all. 
Little is known of the forces and fac- 



Fig. 2. Runner i)ennnt plant. Note attachment of fruits to prostrate sections of steju 
branches, also many undeveloped pegs and partly developed fruits. {CourtvHif Ga. Apr. Exp. 
Sia.) 


the fruits develop are borne in the leaf 
axils in ((uite orthodox fashion. Fol¬ 
lowing fertilization the sessile flower, 
including the peduncle-like tubular ca¬ 
lyx, withers and drops off, leaving no 
trace of its passing visible to the un¬ 
aided eye. The fertilized ovary lies em¬ 
bedded in the axil awaiting some ob¬ 
scure signal to call forth the next stage 
of its development. This next stage is 
the emergence of the “peg^\ a tendril¬ 
like process, bearing the fertilized ovary 


tors governing this phenomenon. It is 
apparent, at any rate, that only a frac- 
.. tion of the peanut plant’s potential 
' productive capacity is realized. 

The '‘pegging down” of the peanut 
plant, as this stage of development is 
commonly called, cannot readily take 
place if the soil resistant to the entry 
of the peg. Hence, a prime requirement 
for growing peanuts is a friable, loose- 
textured soil. Most peanuts are grown 
in the sandy soils of the coastal plains 
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area. Another limitation imposed by 
this growth habit is that subsecpient 
cultivation must be conducted with due 
care to avoid disturbing the pegs. This 
is especially true with the runner type 
plants which become pegged down” 
along a considerable length of the pros¬ 
trate stem branches. 

Nor is the production of peanuts as¬ 
sured by the fact that numerous pegs 
are sent down into the soil. Develop¬ 
ment may be arrested at any stage 
thereafter. Sometimes the pod or shell 
develops normally but no seeds are pro¬ 
duced in it, resulting in what is known 
as a “pop”. The truly strange thing 
about this is that the developing fruits 
seem to have their own nutrient recpiire- 
ments, separate from the peanut plant 
as a whole. Many years ago it was ob¬ 
served that there are root hairs on the 
peanut hull, indicating that the pods 
themselves take up nutrients from the 
soil. Recent work by scientists in both 
North Carolina and Florida has con¬ 
firmed that this is so. Apparently 
pro])er fruiting depends not so much 
on the elements available to the plant 
roots as on the nutrient status of the 
fruiting zone. Most important is an 
adeciuate supply of available (*alcium in 
the soil surrounding the developing pea¬ 
nuts. The large podded Virginia types 
are mu(*h more exacting in their calcium 
re(|uirements. These findings seem to 
provide ample .iustification for the prac¬ 
tice, long common in Virginia and North 
Carolina, of dusting the fields with land 
plaster (gypsum), a source of readily 
available calcium, about the time peg- 
gin<i down is taking place. 

Blossoming of the peanut plant con- 
tuiues over a considerable period, and 
the same is true to an even greater ex¬ 
tent of pegging down. During periods 
unfavorable to growth, pegging down 
may be almost completely arrested, to 
be resumed when favorable conditions 
a'^ain prevail. Thus it cannot be said 


at any time that a peanut crop is rip(‘ 
or mature. The farmer aims to harvest 
the crop when the largest yield of sound 
nuts will be obtained, but some imma¬ 
ture nuts are invariably present, while 
waiting too long invites deterioration of 
the fruits that were earliest set. 

It is in the harvesting operations that 
the disadvantages of the peanuts’ sub¬ 
terranean development are most appa¬ 
rent. The plants must be ploughed out. 
or the e(|iiivalent, wdth correspondingly 
high (‘onsumption of mule, horse or 
tractor power. They must then he 
sliaken free of adhering soil. Since the 
fresh-dug nuts have a high moisture 
content, they must be thoroughly dried 
before they can pass into commendal 
channels. Curing in the field gnay take 
from a few days to several weeks, de¬ 
pending on weather (*onditions, after 
which it is still necessary to pick or 
thresh the nuts from the vines and haul 
them to market. 

Harvesting peanuts in the traditional 
manner is thus an extremely laborious, 
long-drawn-out undertaking and one 
which does not readily lend itself to 
mechanization by conventional means. 
Hand labor is still used extensively in 
shaking, stacking and picking opera¬ 
tions. While this may not be a serious 
impediment to success in countries hav¬ 
ing abundant cheap labor, under pres¬ 
ent American conditions it makes pea¬ 
nut production very expensive and 
prices the product out of the market 
for many potential uses. An acute need 
is felt, therefore, for cheaper mechanical 
methods of peanut harvesting. 

While it is obvious that peanut har¬ 
vesting can never be so simple and direct 
as the combining of grain crops, recent 
developments have clearly demonstrated 
that revolutionary improvements are 
possible and, indeed, almost within 
reach at this time. Primary importance 
can be attached to recent work in Geor¬ 
gia which disproves some of the tradi- 
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tional ideas eoncerning peanut harvest- and that it is not necessary for the nut 

ing. It has been shown that rapid cur- to be attached to the plant during the 

ing is in no way detrimental to quality curing process. Also demonstrated was 



Fig. 3. Peanut oil flowing from plates of a hydraulic press in typical crushing opera¬ 
tion. (Courtesy Steveris Industries^ Inc., Daw. on, Ga.) 
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the feasibility of harvesting the vines 
separate from the nuts, thus paving the 
way for the production of high quality 
peanut hay, practically the equivalent 
of alfalfa hay. 

Other significant advances made in 
recent years are the development of a 
two row digger-shaker-wind rower by 
the V. S. Dept. Agri., Soil Tillage Labo¬ 
ratory at Auburn, Alabama, and the 
experimental use by the Texas Agricul¬ 
tural Experiment Station of a combined 
harvester for picking up and threshing 
the nuts ^fter curing in the windrow. 
Use of the side-delivery rake for wind- 
rowing has been practiced in the South¬ 
west for a number of years. Windrow 
curing has a much better chance of suc¬ 
ceeding in the climate of the southwest¬ 
ern producing area. In threshing the 
(*rop by the (*ombined harvester the 
vines are returned to the soil, becoming 
a favorable factor in conserving fertility. 

The ultimate in mechanization would 
appear to be to dig, shake and pick the 
nuts in one operation. The vines could 
either be harvested separately before¬ 
hand and handled as a high quality 
product, or rc^turned to the soil for fer¬ 
tility maintenance at the option of the 
grower. Such a system would necessi¬ 
tate curing the nuts in the form of 
green farmer’s stock. Now that the 
fundamental objections to such a prac¬ 
tice have been negated by the Georgia 
results, it remains only to w^ork out 
practical methods of accomplishing the 
result. More difficult problems have 
been solved. 

Although it is a legume, the peanut 
can hardly be regarded as a*soil-build¬ 
ing crop. Especially when harvested 
for both hay and nuts it removes large 
quantities of nutrients from the soil. Tt 
has, moreover, unusual ability to feed 
on the less available nutrients in the 
soil. . Consecpiently it is soil-depleting 
and at the same time indifferent to fer¬ 
tilization. After several crops of pea¬ 


nuts have been grown, other crops are 
likely to show acute symptoms of potash 
deficiency. Peanuts, however, do not 
usually respond favorably to potash 
fertilization. It is abundantly clear 
that the peanut is highly individualistic, 
in its nutrient requirements. Its pecu¬ 
liarities in this regard doubtless account 
in some measure for the fact that per 
acre yields have not changed materially 
over a period of many years. 

The peanut is about normal in its 
susceptibility to diseases and pests. 
However, special mention should be 
made of the so-(*alled ‘‘concealed dam¬ 
age” that has been attacking the South¬ 
eastern Runners in recent years. Con¬ 
cealed damage is caused by growth of 
mold, principally between the two 
halves of the kernel, but to such a slight 
extent that no deterioration is apparent 
on superficial examination. The dam¬ 
age shows up when the nuts are roasted, 
the affected kernels turning dark on ap¬ 
plication of heat. The presence of ap¬ 
preciable amounts of concealed damage 
therefore causes down grading of Farm¬ 
ers’ Stock. 

There is some evidence that concealed 
damage is caused by a specific organ¬ 
ism. The incidence of damage is greatly 
affected by weather conditions during 
curing. Rapid curing would probably 
prove to be an effective control measure. 
Attempts to develop varieties resistant 
to this disease are also meeting with 
considerable suc(*ess. 

Primary Processing 

After the peanuts have been grown, 
harvested and picked or threshed, they 
are ready to start through trade chan¬ 
nels to the ultimate consumer. At this 
stage they are known as “Farmers’ 
Stock” and are delivered to the j>ri- 
mary processors either in bulk or in 
large burlap bags. 

Farmers’ Stock is bought according 
to grade standards published by the U. 
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S. Dept, of Agriculture. Factors such moval and becomes evident in later proc- 
as moisture content, proportion of dirt essing. The earthy origin of the peanut 
and trash present, shelling percentage, is probably the cause of more ‘‘head- 
concealed damage and size of nuts are aches’’ than any other single factor in 
taken into account in grading. The the industry. 

grade determines not only the value of When peanuts are to be sold for roast- 
the nuts but also whether they can enter ing in the shell the entire process may 
edible channels or must be crushed for consist of thorough cleaning and screen- 
oil and meal. Sometimes the stock must ing for size, and then powdering by roll- 



Fio. 4. Automatic filling operation in large scale production of peanut butter. {Courtesy 
Cinderella Foods, Dawson, Ga.) 


be dried before it can be stored safely. ^ ing with talc in large drums. XTsually 
Farmers’ Stock invariably contains a 'only jumbo Virginia nuts, grown on 
considerable amount of dirt and trash, light-colored sandy soils to avoid serious 
such as small stones, stem fragments discoloration of the shells, are used for 

and mud balls. The first step in proc- this * purpose. The powdering process 

essing is to separate as much as possible helps to give the‘shells a uniform light 
of this debris from the nuts by means of color. 

dirt reels and an array of sieves, blowers By far the larger proportion of nuts 

and shaker^5. Despite every effort at this entering the food trade does so as shelled 
stage some foreign material escapes re- stock. To produce shelled stock ingeni- 
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ous machines break off the hulls so far 
as possible without removing the red 
skins or damaging the kernels in any 
way. The meats are then separated 
from the broken shells by shaker sieves 
and blowers. The kernels are sifted to 
remove splits and shrivels and finally 
pass over picking tables for the removal 
of damaged nuts and debris that have 
escaped mechanical removal. The re¬ 
sulting shelled stock must conform to 
U. S. grading standards. The splits, 
shrivels and damaged nuts are relegated 
to crushing. 

When Farmers’ Stock docs not meet 
the requirements for food uses, after 
preliminary cleaning it is shelled and 
crushed for oil and meal. In this case 
shelling is not a critical operation, since 
it makes no difference if the nuts are 
broken. A proportion of shell material 
is admitted to the crushing stock to pro¬ 
mote oil removal and to standardize the 
protein content of the resulting press 
cake meal. 

The (‘rushing stock is ground up in a 
suitable niill and then subjected to a 
(‘ooking pro(*ess before the oil is ex¬ 
pressed. Most peanut crushing is done 
with hydraulic plate presses which are 
also widely used in cottonseed crushing. 
Recently the more efficient expeller 
])resses are coming into more general 
use. Solvent extraction has not yet 
found widespread use in the peanut in¬ 
dustry. 

Few peanut crushers have facilities 
for refining the oil they produce. It is 
usually sold as crude peanut oil to large 
scale vegetable oil processors to be re¬ 
fined, bleached and deodorized, thereby 
losing its identity as peanut oil. Rela¬ 
tively little peanut oil reaches the con¬ 
sumer as such. Most of it goes into the 
manufacture of shortening and oleo¬ 
margarine where it is used interchange¬ 
ably with other similarly refined vegeta¬ 
ble oils. 

The press cake which is the byproduct 


of peanut crushing is ground to a fine 
meal and sold as a protein concentrate 
to manufacturers of mixed feed. 

Food Processing 

The processing of peanuts for food 
use involves blanching to remove the 
skins and some form of roasting or cook¬ 
ing. When whole nuts are required in 
the end product, as, for example, for 
whole salted nuts, the process is a deli¬ 
cate one called whole nut blanching”. 
The peanuts must be lightly roasted to 
loosen the skins and then run through 
a machine which gently rubs off the 
skins without exerting enough pressure 
to cause the nut to split. When whole 
kernels are not required the nuts are 
handled rapidly by a split nut blancher. 
They pass between belts travelling at 
different speeds which rub off the skins, 
at the same time splitting the kernels 
and freeing the hearts. This type of 
blancher is used in peanut butter manu¬ 
facture. 

In making salted peanuts it is usual 
to cook the peanuts in vegetable oil. The 
batch of nuts is placed in a perforated 
metal basket, lowered into a vat and 
literally “boiled in oil” until cooked to 
the desired degree. The basket is then 
raised out of the oil and allowed to drain. 
The nuts are dumped into bins with 
perforated bottoms and cooled rapidly 
by drawing air through them. The re¬ 
quired amount of salt is then mixed 
with each batch. Prompt packaging in 
air-tight containers is of the greatest 
importance in preserving freshness. 

Dry roasting is also a batch operation. 
Roasters are usually gas-fired. The 
batch of nuts—from 100 to 500 pounds, 
depending on the capacity of the roaster 
—is placed in the rotating cylinder and 
cooked until the desired color is attained. 
Whole nut blanching requires a light or 
“white” roast, whereas for peanut but¬ 
ter a heavy or “brown” roast is custom¬ 
ary. Roasters of recent design have 
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thermostatic control and automatic cut¬ 
off when the desired degree of roast has 
been attained. 

Peanut butter is essentially ground 
roast peanuts with added salt. After 
roasting to the desired brown color the 
skins and hearts are removed and the 
split kernels are ground to the desired 
degree of fineness by passing through a 
mill. The required amount of salt is 
metered in as the nuts are delivered to 
the grinder. Many manufacturers also 
introdu(*.e one to two percent of hydro¬ 
genated vegetable oil at this point to 
retard separation of oil in the finished 
product. In some eases other ingredi¬ 
ents are added, and additional process¬ 
ing may be given with the object of pro¬ 
ducing a more or less homogeneous but¬ 
ter. 

Peanuts in one form or another enter 
into the composition of an almost end¬ 
less variety of confectionery, and it is 
beyond the scope of this article to dis- 
(•nss the numerous processes iiivolved 
in the manufacture of these familiar 
products. However, one operation may 
be mentioned which is recurrent in every 
stage of handling peanuts, and that is 
the use of the picking table to remove 
defective kernels and extraneous mate¬ 
rial. Electric sorting machines have 
found limited application, but most of 
this work is done by hand. 

Industrial Uses 

Walter Winchell and numerous other 
journalists to the contrary notwithstand¬ 
ing, the late Dr. George W. Carver of 
Tuskegee Institute did not establish a 
large number of industrial uses for pea¬ 
nuts’. As a matter of fact, peanut prod¬ 
ucts do not at present enter into indus¬ 
trial uses to any important extent. 

1 This is a plain statement of fact that is not 
intended to detract from Dr. Carver \s reputa¬ 
tion. According to the testimony of his col¬ 
leagues, Dr. Carver’s life was devoted to the 
task of elevating the standard of living of his 
people by showing them what could be done 


Tn an earlier publication’^ we reviewed 
the possibilities for industrial utiliza¬ 
tion in considerable detail and con¬ 
cluded that some products derived from 
peanuts have distinct possibilities as in¬ 
dustrial raw materials. A very con¬ 
siderable body of technical information 
on industrial uses has been amassed, 
largely through the efforts of the South¬ 
ern Regional Research Laboratory. In 
a further discussion it was brotight out 
that the high cost of producing peanuts 
is the most serious obstacle to industrial 
utilization. Thus the wide s(*ale indus¬ 
trial utilization of peanuts depends to 
a large extent on agricultural develop¬ 
ments leading to cheaper production. 

It is thought that products made from 
peanut protein offer the most promising 
possibilities for industrial development. 
The manufacture of textile fiber appears 
to be of particular interest at the present 
time, and adhesives, sizes, coatings, etc, 
are recognized possibilities. Plans for 
commercial scale production of peanut 
])rotein textile fibers by an Ameri(*an 
concern were recently announced. In 
Britain development of a textile fiber 
was announced several years ago, and 
the product was introduced to the trade 
under the name “ArdiP’. Since other 
cheaper proteins are availabh*, it is evi¬ 
dent that peanut protein must have pro- 

witli the materials at hand. It seems doiU)tful 
that he was even interested in industrial dc- 
vclopimmts. He was as much craftsman as 
scientist, i)crhaps more farmer than either. 
One of his chief concerns was to make his 
people aware of the value of keeping a cow on 
the farm. His published contributions on the 
^subject of peanuts were only two: 

‘‘How to grow the peanut and iOo ways of 
preparing it for human consumi)tion ”. By 
G. W. Carver. Bulletin 31, Tuskegee Institute. 
This is a brief treatise on peanut culture, fol¬ 
lowed by 105 home-kitchen recipes involving 
the use of peanuts. 

“The Peanut”. By G. W. Carver and A. 
W. Curtis, Jr. Bulletin 44, Tuskegee Institute. 
This is a treatise on peanut culture. 

2 See abstract of this in ECONOMIC BOT¬ 
ANY 1: 115. 1947. 
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perties that make it especially desirable 
for textile fibers. 

Outlook 

Any attempt to appraise the future of 
the peanut industry must necessarily be 
higrhly speeidative. The position of pea* 
nuts in America is unique in that our 
peanut industry is essentially a food in¬ 
dustry. hi the writer’s opinion the food 
possibilities of pcanuts have not yet been 
fully explored or exploited. 

The <rreat nutritional value of pea¬ 
nuts, particularly for the supplementa¬ 
tion of eereal foods, makes loj^ieal a 
tremendous expansion of the use of pea¬ 
nut flour or some type of peanut meal. 
So far the production of edible peanut 
flour is relatively insi<i:niti(*ant. Re¬ 
cently the use of whole p(‘anut meal in 
making’ nutritionally superior corn muf¬ 
fins, pancakes, etc. has been demon¬ 
strated. Commercial production of 
whole peanut meal is feasible and may 
provide a new food outlet for jieanuts. 
Auother recent experimental develop¬ 


ment with interesting possibilities is the 
use of peanuts as the basis for frozen 
desserts. 

It is felt that no large scale industrial 
utilization can be anticipated until the 
cost of peanut production can be 
brought down to such a level as to as¬ 
sure stable supply in a price range that 
will provicle profit to both grower and 
manufacturer. Industrial uses are not 
likely to be based on surplus production. 
However, as has been pointed out re¬ 
peatedly, the possibilities for industrial 
utilization do exist if the required bal¬ 
ance of economic factors (*an be attained. 

In the face of these long range possi¬ 
bilities, the current crop of peanuts is 
large and prices are supported at rela¬ 
tively high levels. Thus the industry 
is confronted with the paradoxi(*al situ¬ 
ation of having a surplus while jirices 
are so high as to restriet sales and in¬ 
hibit the development of new products. 
Doubtless considerable readjustment of 
e(‘onomic factors must be witnessed be¬ 
fore a clear picture can be formed of 
the industry’s ultimate potentialities. 


Utilization Abstract 


Pecan By-products. In the pecan¬ 
shelling industry of the South there is a 
spreail of about 3% between the actual meat 
content of pecans and the amount of salable 
meat recovered. Since 1943 J. R. Fleming 
and Co. has been extracting oil from this 
previously wasted portion and is now proc¬ 
essing this fraction from about 90% of all 
the pecan-shelling plants on the west of the 
Mississippi River. About 90% of the pro¬ 


duction is being consumed by the drug and 
essential oil trade. The Company is also 
producing about 100,000 pounds of tannin 
weekly from the shells, some of which is 
going into the tanning industry, another por¬ 
tion into “drilling mud^^ Ground pecan 
shells have been used also in the plasties 
industry, for “sand-blasting” machinery and 
airplane engines, and for cleaning raw furs. 
(J. R. Fleming, Chemurgic Digest 8(5): 25, 
1949). 
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Alfalfa, the most important forage crop grown in the 
United States, is harvested in this country from 15 
million acres, and in the 1946’~1947 season yielded 34 
million tons of hay used principally for feeding 
stock. About 700,000 tons of alfalfa meal are used 
in mixed feeds, primarily for poultry, and also serve 
as a source for extraction of carotene, chlorophyll 
and xanthophyll. 

FRANCIS P. GRIFFITHS 

IVcfttarn Regional Rettearch Laboraforg,^ Albang, Calif. 


History 

The ancient Greeks and Romans were 
well aware of the value of alfalfa. Cato 
(B.C. 234-149) in ‘‘Dc Agricultural’ 
wrote of the use of legumes to improve 
the soil, and Varro (B.C. 116-27) gave 
some excellent advice on the seeding of 
alfalfa. The Greek Amphilochus is said 
to have written an entire book on alfalfa, 
and agriculturists of that early period 
were evidently aware of many of the 
merits of this crop. Columella (A.D. 
60) pointed, out the superior advantages 
of alfalfa, such as its long life, the fact 
that it can be mowed frequently, its 
beneficial effect on soil, its value as a 
feed for cattle and horses, and he gave 
good advice on methods of cultivation. 

Hendry (15) has written of the his¬ 
tory of alfalfa and has cited sources. 
According to his account, “Alfalfa prob¬ 
ably originated in Mesopotamia and 
proceeded from there southward into 
Arabia. The word “alfalfa” is Arabi- 
eised Persian, derived from the Iranian 
word “aspasti”, and is traceable to the 
old Iranian word “aspo-asti” (to eat) 
and literally means “horse fodder”. 

According to Pliny, alfalfa was in¬ 
troduced into Greece upon the inva- 

1 Bureau of Agricultural and Industrial 
Chemistry, Agricultural Kesoarch Administra- 
lion, U. S. Dcjpartment of Agriculture. 


sion of that country by the Macedonians 
and Persians. The plant was named 
“medic”, and this name is retained in 
the present botanical name, “Medicago”. 
The term “lucerne”, often used in 
Europe, probably is derived from the 
prominence of its early culture in the 
Lake Lucerne area of Switzerland, from 
which it spread throughout northern 
Europe. Alfalfa was carried to the 
New World by the Spaniards and be¬ 
came established in the 16th century in 
Peru and Chile. 

George Washington and Thomas Jef¬ 
ferson both grew alfalfa during the 
Colonial period (2). The two most im¬ 
portant introductions from the stand¬ 
point of present culture were the intro¬ 
duction in Minnesota in 1857 by Wen¬ 
dell Grimm, of alfalfa brought from the 
Grand Duchy of Baden, Germany, and 
the introduction of the Chilean variety 
in California during the Gold Rush 
.period, 1849-51. W. A. Cameron of 
Marysville, California, is reported to 
have produced alfalfa from Chilean seed 
in 1851. The alfalfa grew so w^ll in the 
warm and fertile valleys of California 
that for a time it was known as “Cali¬ 
fornia clover”. 

By constant selection of seed, Grimm 
was able to develop increased cold re¬ 
sistance in his alfalfa, so that when the 
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importance of varietal differences bejran 
to be appreciated, some 50 years later, 
this northern strain formed one of the 
parents for present-day commercial 
varieties. 

Taxonomy 

The genus Medicago, of the large 
group of Leguminosae, (*ontains about 
50 species, of which the purple-flow¬ 
ered alfalfa, Medicago sativa L., is most 
important. Crosses between Medicago 
sativa and M. falcata, a Siberian species, 
are sometimes called variegated alfalfas, 
and classified as M. media. There are 
several other species which are of im¬ 
portance chiefly because of their possible 
usefulness for the production of hybrids. 
One of these, M. tunetana, is of Mediter¬ 
ranean origin, and because it propagates 
readily by means of rhizomes, it may be¬ 
come of importance for pasture forage in 
the South. There are over 1,000 strains 
of alfalfa, and the possibil ties of jilant 
improvement have just begun to be 
appreciated. 

Breeding 

The American Breeders Association 
(2) reports no deliberate breeding of 
alfalfa previous to 1901. At the time 
of that report, 1909, eleven workers were 
stated as directly interested in alfalfa 
improvement. Yield, quality and winter 
resistance were the main objectives of 
early workers; resistance to disease and 
plant pests had not become of major 
significance in the breeding program. 

Tysdal and West over (22) present an 
excellent review of alfalfa work to 1937. 
They list the following objectives as be¬ 
ing mentioned in reply to a question¬ 
naire sent to all known alfalfa workers 
(figures in brackets indicate the number 
of times mentioned in 23 replies) : in¬ 
creased seed setting capacity (10); 
higher yield of quality forage (8) ; 
winter hardiness (8); disease resistance 


(8); suitability for grazing (5); adap¬ 
tation to different soil conditions (4); 
resistance to heaving injury (2); re¬ 
sistance to drought (2) ; insect resistance 
(2); increased resistance to drought 
(2) ; increase in protein content and leaf 
percentage (2) ; a type less susceptible 
to injury from (»arly leaf cutting (1) ; 
larger seed (1). 

Increase of bacterial wilt disease, 
stem nematode infestation and leaf-spot 
diseases has focused attention on the 
development of improved disease-resist¬ 
ant varieties of alfalfa. Wilt-resistant 
strains were found in Turkistan, and by 
crossing with Grimm and Common, wilt 
resistance was combined with yield and 
quality characteristics necessary for 
farm use. Two recently developed va¬ 
rieties are Ranger and Buffalo. Ranger 
is a cross of Turkistan, Cossack and 
Ladak, and is recommended for the more 
northern States where bacterial wilt is 
serious. Buffalo is an adaptation of 
Kansas Common, with increased wilt 
resistance. Other recent introductions 
include Atlantic, produced for east coast 
conditions by plant breeders at the New 
Jersey Agricultural Experiment Station, 
and Nemastan, a variety found by the 
Utah and Nevada Agricultural Experi¬ 
ment Stations to resist stem nematode 
infestation. In the more southern States 
where wilt is not widespread and cold 
resistance is less important, Peruvian 
strains are successful. 

Hybrid alfalfas offer promise of even 
better yields and disease resistance than 
has hitherto been possible (23, 24). In 
tests at the Nebraska Agricultural Ex¬ 
periment Station, hybrids yielded 20-27 
percent more than Grimm. 

Production 

Alfalfa is grown in all parts of the 
United States, but of the 15 million 
acres in this crop, by far the greatest 
concentration 0 (*curs in the widwestern 
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and western States. Michig^an and Cali¬ 
fornia both had over one million acres 
in production in 1946, and Nebraska, 
Minnesota, Kansas, Wisconsin, Idaho, 
Montana and Iowa each harvested over 
700,000 acres (26). Ap])roximately one- 
fifth of the 75,000,000 acres in hay is 
in alfalfa and in terms of tonnaj^e 


well with a water table of six to twelve 
feet, and most weeds are rapidly elim¬ 
inated because of failure of their roots 
to reach water. 

A firm seedbed of good tilth with 
plenty of soil moisture is required for 
germination. Shallow seeding is desir¬ 
able. Caking or baking of surface soil 



Fiq. 1 . Alftilfa, as it appears in a cultivated field. (Courtesy U. S. Dept, Agr.). 


alfalfa accounts for one-third of the 
100-million-ton annual hay crop. 

Alfalfa prefers well-drained calcare¬ 
ous loam and does poorly on tight, wet 
or acid soils. It needs plenty of room 
for its roots, and a shallow or fluctuating 
water table at a depth of four feet or 
less will tend to drown out the stand. 
On the other hand, in the Platte River 
Valley in Nebraska alfalfa does very 


will prevent emergence of the young 
plants. Young stands that have not 
established a deep root system are sensi¬ 
tive to drought and to soil temperatures. 
Planting is customary in the spring and 
early summer. A* nurse crop of wheat 
or other grain sometimes is sown with 
the alfalfa. Where high temperatures 
and drought are apt to occur, as in 
Kansas, southern California and south- 
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erii Texas, fall or winter planting is 
necessary so that a stand is sufficiently 
established to resist summer conditions. 

The amount of seed sown per acre 
varies in different localities, but un¬ 
der reasonably favorable conditions, 20 
pounds is ample to establish a <rood 
stand. Some alfalfa producers, espe¬ 
cially those who are manufacturing 
alfalfa meal, favor a heavier seediii*? of 
30 to 50 pounds per acre. They believe 
that they ^et more meal from the first 
two cuttinjis and that the thicker stand 
])roduces thinner-stemmed plants with a 
higher proportion of leaves. Since 60- 
80 percent of the ])rotein in the plant 
is associated with the leaves, leafiness is 
important. Seeding from airplanes is 
becoming a standard practice in Cali¬ 
fornia. 

In areas where alfalfa or legumes have 
not previously been grown, seed inocula¬ 
tion is desirable to insure nodule forma¬ 
tion and nitrogen fixation by the sym¬ 
biotic bacteria associated with the roots. 

Alfalfa meal or hay contains approxi¬ 
mately 10 percent ash. Each five tons 
of annual crop means the removal of 
1,000 pounds of soil minerals. The 
necessity for available minerals is shown 
in Table 1, which lists the amount and 
composition of alfalfa ash. 

Because of this high ash content and 
removal of a high proportion of available 
minerals, adequate potash, lime and 
phosphate are necessary for maximum 
yields. Experiments in southern Idaho 
(21) resulted in almost doubling the 
yield of alfalfa when yearly applications 
of treble superphos])hate were made 
during the first three years of a six- 
year rotation of alfalfa for three years, 
])otatoes for two, and wheat for one 
year. 

Where the soil is low in available 
phosphorus, Idaho authorities recom¬ 
mend two or three applications of treble 
superphosphate at the rate of about 300 


pounds an acre. High phosphorus levels 
in the soil resulted in a higher level of 
phosphorus in the hay (0.180 percent; 
control, 0.138 percent) and a yield of 
tons as against a control yield of 
three tons per acre. In certain areas 20 
or 30 pounds of borax per acre have in¬ 
creased alfalfa yields 50 to 60 per cent 
(17). Alfalfa pastures usually respond 
to applications of manure and organic 
fertilizers. 

Because it is a nitrogen-fixing legume 
and also because of the soil dej)ths from 
which it draws nutrients, alfalfa is not 
regarded as a soil-depleting crop. This 

TABLE 1 

Asti in Alfalfa Mfal (7) 
V(‘rcvnta(je)i and pounds per ion 


L(*af ino.'il 

11.5% 

230 Ibs./toii 

Staiid.Mvd iiienl 

D.l 

180 

St(*m mt'Ml 

7.8 

159 

Composliion 

of ash 


Potasli (K,0) 

23.5% 

54 Ibs./ton 

Linu* (Pad) 

40.7 

93.0 

Soda (NaoO) 

1.7 

3.9 

Magnesia (MgO) 

4.9 

11.3 

Phosphoric acid (HaPO^) 

8.5 

19.5 

Sulfuric acid (H..s 64 ) ^ 

5.7 

13.1 

Silica (SiOo) 

9.5 

21.8 

Chlorine (CL) 

3.0 

0.9 


premise is open to question when the 
crop is grown intensively for cutting 
and no relief is provided by pasturing, 
fertilization or crop rotation. Schreiner 
and Brown (18) list alfalfa as remov¬ 
ing 190 pounds of nitrogen for each 
four-ton-per-acre yield. Fifteen tons of 
sugar beets togetlu'r with tops remove 
118 pounds, and a 65-bushel-])er-acre 
corn crop takes out 96 pounds per acre. 
However, these latter crops do not re¬ 
place any of the nitrogen as does alfalfa. 
California investigators estimate that a 
stand of alfalfa will raise the nitrogen 
level in soils by 60 to 80 pounds per acre 
per year, and this increased fertility is 
confirmed by the increased yield of 
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sugar beets or other crops planted in 
rotation (Table 2). 

The time between seeding and harvest 
depends upon climatic conditions and 
upon the use for which the crop is in¬ 
tended. If it is intended for hay, the 
crop may be permitted to reach a one- 
quarter to one-half bloom stage. Alfalfa 
intended for dehydration is usually cut 
in the pre-bloom or one-tenth-bloom 
stage in order to obtain maximum leafi- 
ness. This stage may be reached in 45 
to 90 days after spring growth starts. 
The time varies with weather. Repeated 
cuttings are made at intervals of 35 tn 
60 days. If planted by the first of April, 
cuttings are possible in California ac¬ 
cording to the following program: May 
15, June 25, July 30, August 30, Octo¬ 
ber 5. Under favorable climatic circum¬ 
stances a sixth or seventh harvest may 
be had during the late fall and winter 
months. 

As with any crop, many factors affect 
yield. The average annual yield for 
California is 4.6 tons of hay or meal per 
acre. Other Stat(*s re|)()rt averages in 
the range of two to four tons per acre. 
Under ideal growing conditions much 
higher yields than these averages can be 
obtained; seven and eight tons are com¬ 
mon, and as much as 12 tons per acre 
l)er year has been reported. Once a 
good stand of alfalfa is established in 
fertile soil, it will maintain itself for a 
long period of years, provided diseases 
such as wilt, leaf spot or stem nematodes 
are not serious, and provided proper cut¬ 
ting practices are followed. It is desir¬ 
able that alfalfa enter the winter period 
with a good supply of nutrients in the 
(?rown and roots. Crown buds which 
develop in the fall are largely respon¬ 


sible for the next season’s growth. It 
is advantageous not to cut too late, but 
to allow sufficient plant growth in the 
fall to provide reserves of food material 
in the plant (12). 

Utilization 

Alfalfa is the most important forage 
croj) grown in the United States. In 
1919 about one-eighth of the total hay 
acreage was in alfalfa; by 1938 alfalfa 
was grown on 13.5 million acres, amount¬ 
ing to over one-fifth of the entire hay 
acreage. The average acreage in alfalfa 

TABLE 2 

EP’FECT of (’ROPPINf! SY.'^TICMS OX YiETiDS (K^) 


YirJfl in hnnlwls 
per avrcj 

Cropping sgsiem average 1011-1944 

Corn Wheat 

Alfalfa, 4 years; corn, 
wheat, for 12 yrs. 

('oni, soybeans, wlieat 
Corn, corn, wheat 
(Continuous cropping 


for the period 1942-46 is reported as 
15.3 million acres, with an annual pro¬ 
duction of 34 million tons. Alfalfa is 
grown for seed on approximately one 
million acres. The amount of alfalfa 
m('al produced during the 1946-47 sea¬ 
son is reported as 700,000 tons. The 
economic value of alfalfa varies greatly 
from season to season and from locality 
to locality. During the past few years 
prices have been high, but currently 
there has been some reduction in price, 
particularly of the lower grades. Sta¬ 
tistics of the U. S. Department of Agri¬ 
culture (26) list $20.20 as the average 
price received by farmers for alfalfa 


27.7 19.1 

25.0 10.8 

20.1 14.4 

10.1 14.7 


Fig. 2 (Upper). Cabot’s Valley Vitamins, Inc., plant in McAllen, Texas, for dehydrating and 
chemically processing alfalfa. The solvent extraction building for carotene and chlorophyll pro¬ 
duction is in the center foreground behind the tank yard. (Courtesy Godfrey L. Cabot, Itie.). , 
Fig. 3 (Lower). The Koclling-Thompson alfalfa dehydration plant at Topeka, Kan. (Cour¬ 
tesy TJ. S. TLpt. Agr.). 
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hay, loose, durin«: 1946. Grade No. 1 
alfalfa hay, baled, sold in Kansas City 
for an avera8:e of $32.52 per ton. 

Many variables alfeet the (piality of 
alfalfa products. The U. 8. Department 
of A<»Tieiiltiire has established standards 
for alfall’a hay, and the Association of 
American Feed Control Officials has de¬ 
fined four types of processed alfalfa. 
Hay standards are based on leafiness, 
color and foreif^n material. Leafiness 
and absence of coarse stems are of major 
importance as aftVctinj** the protein con¬ 
tent of the hay. The amount of ^reen 
color indicates carotene content and re¬ 
flects the conditions under which hay 
was produced. 

Standards for dehydrated alfalfa have 
been defined by the trade rules of the 
American Dehydrators Association, 53 
West Jackson Blvd., Chicaj^o 4, Illinois 
(3). According to their rules, a prod¬ 
uct may be called dehydrated “pro¬ 
vided that the freshly cut alfalfa havin<»: 
a moisture content of not less than 50% 
has been artificually dried at a tempera¬ 
ture of at least C. or 212^^ F., that 
the drying process covers a period of not 
more than forty minutes, and that there 
be no admixture of sun-cured alfalfa^’. 

The finer-grade hays find their major 
use for dairy cattle. Coarser hays are 
used for horses, sheep and feeder cattle. 
Hay is often *i:round to produce alfalfa 
meal and alfalfa stem meal. A shar]) 
distinction should be made between 
ground hay and dehydrated alfalfa 
meals, since the latter are of higher 
(‘arotcme and protein content, and 
usually command $10 to $20 per ton 
hifrher price. 

Because the composition of alfalfa 
hay and meal varies greatly, there exists 


a wide range in nutritional (piality and 
price. Of primary importance as affect¬ 
ing carotene, protein and fib(‘r content 
is the stage of growth at which harvest¬ 
ing occurs (Table 3). 

Loss("s of nutritive value during hay 
production are inevitable. One of the 
largest losses r(‘sults from destriuTion of 
carotene by sunlight, oxidation and en¬ 
zyme action during the curing of hay. 
This loss amounts to 80-90 percent of 
the total carotene content of the alfalfa 
plant. 

Losses due to inclement weather are 
of concern in hay production. Even a 

TABLE 3 

Approximatk Protkin and Fiber (^ontknt op 

AliPALPA riAY PliODUCED AT DIFFERENT 

Maturities (15, Summarized from cmART) 


Buds 


Proteins 19.5 
Fiber 28.0 


Stage of mafuritg 


1/10 Fvll SveiU 

bloom bloom ripening 

18.0 17.3 16.0 14.5 

30.0 32.8 33.0 35.0 


light rain will leach as much as 20 per¬ 
cent of the nutritives from field hay, 
and continued rains completely destroy 
the crop. Fog and heavy dews fre- 
(juently affect the color of hay and may 
cause mildew and decay, or if damp hay 
is stacked, destruction caused by over¬ 
heating due to microbial activity is 
likely to occur. 

Alfalfa seed production is in some 
degree a specialized enterprise because 
many areas do not produce good seed. 
Several cuttings can be made for hay 
or dehydrated alfalfa; then the plants 
can be allowed to mature for harvest of 
seed. The farm value of the 1.6 million 


Fig. 4 (Upper), Loading cut alfalfa into a truck that will haul it to a nearby dehydra¬ 
tion plant. This lOO-acrc field, on the Walter Thompson farm three miles northwest of Topeka, 
KunsJis, was seeded in 1946. Tn May, 1947, it produced enough to yield about n tens of dehy¬ 
drated alfalfa per acre. (Courtesy 77. 8 , Dept. Agr.). 

Fig. 5 (Lower). An alfalfa cutter, chopper and blower. Dixon, Cal. (Courtesy U. 8. Dept. 
Agr.). 
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TABLE 4 

Approximate Composition of Green Alfalfa, Alfalfa Hay, and Alfalfa Meals (28) 


Alfalfa 

Moisture 

Ash 

Crude 

protein 

Ether 

extract 

Crude 

fiber 

Nitrogen’ 

free 

extract 

Calcium 

Phos¬ 

phorus 


% 

% 

% 

% 

% 

% 

% 

% 

Immature 

79.4 

2.9 

5.2 

0.7 

3.8 

8.0 

0.28 

0.09 

111 bloom 

77.2 

1.8 

3.2 

0.6 

7.8 

9.4 

0.39 

0.07 

Hay 

7.2 

8.0 

15.4 

1.6 

30.3 

37.5 

1.51 

0.21 

Leaf meal 

8.5 

14.4 

20.9 

2.6 

15.7 

37.9 

1.42 

0.25 

Meal 

8.2 

10.0 

15.2 

2.2 

27.5 

36.9 

1.56 

0.22 

Stem meal 

9.1 

7.7 

11.4 

i!3 

36.1 

34.4 




bushels of seed produced in 1946 is 
quoted as 36.5 million dollars (26). 

Dehydrated Alfalfa 

The be^inninfr of the alfalfa meal in¬ 
dustry occurred in 1903 when Mr. Otto 
Weiss of Wichita, Kansas, <i:round al¬ 
falfa hay for use in commercial mixed 
feeds. Later, «:round alfalfa was mixed 
with molasses and used to feed cattle 
and horses. 

As the mixed-feed industry p:rew, a 
preference for g:reen alfalfa meal devel¬ 
oped. With the newer knowledjre j?ained 
durinjr the last 20 years about vitamins 
and related minor components, quality 
has become increasingly important in the 
sale of alfalfa products. The first me¬ 
chanical dehydrators were built about 

TABLE 5 

Production and Prices of Scn-CUjred and 
Dehydrated Alfalfa Meal ( 18 ) 


Drhi/drntrd 

meal, 

17% protein 


Sun-cured 

meal 


Year 

Tonnage 

Av. price per 
ton at Kansa, 
City, Mo. 

Tonnage 

Av. price per 
ton at Kansa. 
City, Mo. 

1943-44 

245,000 

$55.15 

421,000 

$39.50 

1944-45 

* 377,100 

60.30 

491,100 

43.65 

1945-46 

497,000 

60.40 

604,600 

44.05 

1946-47 

566,700 

59.30 

481,800 

43.35 

1947-48 

707,200 

61.65 

379,600 

43.55 


1930. It has long been recognized that 
serious losses of valuable nutrients occur 
during the natural curing of hay. 
Making hay in many sections is a 
gamble with the weather, and even when 
the weather is good, large losses of 
carotene and other oxidizable nutrients 
occur, as well as a 10 to 30 percent 
decrease in protein due to leaf shatter¬ 
ing and loss during curing and handling 
(19). Feeding trials have shown the 
superior value of dehydrated alfalfa 
over hay made from the same field (4). 

In spite of high cost of eciuipmeiit 
necessary for dehydration, the number 
of dehydrators has increased rapidly, 
especially in the years following the 
close of the war. Fortunately, increased 
recognition of the value of ihe meal 
and shortages of other ingredients have 
maintained price and demand at a high 
level. Although the production of 
ground alfalfa hay has remained prac¬ 
tically constant, the amount of dehy¬ 
drated alfalfa has tripled. 

Manufacturing Process 

Although there are a number of low- 
temperature tunnel-type driers, most 
commercial dehydrators use a high-tem- 
perature, rotating-drum type which 
burns either natural gas or fuel oil. 

Units are usually located within a five- 
to ten-mile radius of at least 600 acres 
of good alfalfa. Operators either raise 
their own alfalfa or buy from farmers. 
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111 the latter instance the farmer usually their loads on conveyor belts which feed 
produces the alfalfa to a stajre suitable the wet material into the inlet of th(‘ 
for cuttinf? (one-tenth to one-third drier at a constant rejuilatcd rate. The 
bloom), and the operator with his har- drying capacity of the rotating; drum 
vestinjr equipment (tractor, mower, drier is usually about one ton of meal 
chopper, blower, and wagons or trucks) per hour. The chopped alfalfa drops 
harvests the crop on a price-per-ton-of- into a blast of hot air and "as, which is 
meal-produced basis. In California this maintained at 1,500” to 1,700” F. As 
price is $8 to $9 below the current price the alfalfa travels through the inner 



Fir,. (). C. TI. Koclliiig stacks up bags of doliytlrated alfalfa at the ])laiit of wliicli lie is ])art 
owner, tlie Koelling-Tlioniiisoii dehydrating plant at Topeka, Kan. (Courtrsif U. S. J)cpt. Apr.). 


for baled hay, for example, $17 to $18 drum of the drier, almost instant evapo- 
per ton if baled hay is selliii" at $26 ration of a large portion of the moisture 
or $27 per ton. (78-82 percent of the weight of the 

Fiehl chopping of alfalfa in pieces herbage) occurs with a corresponding 
to 8 inches in length at the time it is drop in temperature of the heating 
mowed makes possible automatic or medium to about 250° F. at the exit 
nearly automatic handling throughout end. After two more passes through 
the rest of the process. In the most the drier, the chopped dried alfalfa is 
modern installations the wagons dump moved by a large fan through a cyclone 
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which drops out large incompletely 
dried stems and woody fragments. The 
rest of the material goes through a ham¬ 
mer mill where it is ground to 40- or 
60-mesh average size and tlien to col¬ 
lecting bins for sacking. 

In this tyj)e of operation, leaves dry 
in 30-00 seconds and are blown tlirough 
the machine with that rapidity, while 
stems and heavy pieces require four to 
six minutes. A system of controls is 
used which automatically cuts down on 
the fuel if too little alfalfa is fed into 
th(* machine or if for some other reason 
the exhaust temperature rises. The 
amount of heat requinnl to evaporate 
the moisture from the alfalfa as it is 
fed to the machine requires accurate 
control. During continuous operation 
the amount of fuel remains constant and 
the rate of feed of green alfalfa is varied 
to balance the heat input. 

One and sometimes two men are re- 
(piired to feed the green alfalfa into 
the dryer, watch the gauges and guard 
against stoi)pages. Another man han¬ 
dles bagging of the meal. Where alfalfa 
leaf meal is produced, the meal as it 
comes from the hammer mill goes 
thvougli automatic sifters. Because 
leaves produce a finer powder than the 
more fibrous stems, leaf meal goes 
through the screens and is sacked sepa¬ 
rately. The coarser particles remain 
on the .screens and an! sold as stem 
meal. The proportion of leaf meal to 
stem meal d(*pends upon stage of matur¬ 
ity at harvest and type of grind and 
s(‘tting of the mill and screens. 

Frequent chemical analyses are needed 
to insure control of protein and fiber 
content in the finished meals. The in¬ 
stallation and o])cration of a complete 
alfalfa meal and dehydration plant is a 
business of considerable magnitude, re¬ 
quiring between $100,000 and $200,000 
in capital and demanding a combination 
of business, mechanical and farming 
skills. The overall cost of production 


after the alfalfa is purchased from a 
farmer may vary from $15 to $23 
ton, depending upon length of season, 
investment, labor and operating costs, 
and especially fuel prices. During 
periods of low prices, freight rates to 
centers of distribution may be an im¬ 
portant factor in the success or failure 
of operation. 

The price of alfalfa meal is largely 
determined by the percentage of pro¬ 
tein, although to an increasing extent 
the feed trade is demanding a guaran¬ 
teed carotene content for the better 
meals. According to the grade of al¬ 
falfa, labels on each sack commonly 
guarantee* the minimum percentage of 
protein and maximum percentage of 
fiber, and perhaps ash and fat content. 

Uses in Animal Feeding 

Although only about three percent of 
the total tonnage of alfalfa is now (*on- 
verted into meal, it is the writer \s opin¬ 
ion that this proportion will continue to 
imu’ease as a result of advancing nutri¬ 
tional knowledge relative to the proper 
use of alfalfa in mixed feeds and also 
as a r(*sult of technical improvements 
which will serve to increase and stabi¬ 
lize nutrients such as carotene (pro¬ 
vitamin A), riboflavin, thiamin, panto¬ 
thenic acid and choline. Alfalfa meal 
supplies about one and a half times as 
much protein as most grains and about 
half the nitrogen-free extract (carbo¬ 
hydrate) which grains contain. The 
protein provides such essential amino 
.acids as arginine, threonine, lysine and 
tryi)to]ihan but is somewhat low in cys¬ 
tine and methionine. Dehydrated meal 
is particularly rich in dietary factors 
supj)fied by green forage or good green 
pasture and is thefrefore widely used to 
supplement poor hay and increase feed 
utilization during the winter or when 
green feeds are not available. 

Three to five percent of good dehy¬ 
drated alfalfa is recommended in poul- 



PRODUCTION AND UTILIZATION OF ALFALFA 


181 


try feeds. This amount will supply 
nearly all of the vitamins A and E 
needed and about half the requirement 
of riboflavin as well as considerable 
(piaiitities of choline, thiamin, folic acid 
and “g:rass juice factors’\ Numerous 
iiivestijrators have reported improved 
hatchability, lowered mortality, rapid 

TABLf: 6 

(Composition and Approximate ('Content of 
Minor (Constituents of Fresh 
A LFALFA MEAUS (19) 



Leaf 

Standard 


meal 

meal 

Unide ])rott*iii 
Nitrog(*ii-fr(*(* extract 

22.7% 

15.7% 

39.2 

37.9 

Crude fiber 

lfl.3 

26.8 

Crude fat 

2.8 

2.0 

Ash 

11.5 

9.2 

Moisture 

7.4 

8.4 

Minor constitucnls (leaf meal) ppm. 

dilorophyll 


3000 

Xantliopiiyll 


425 

Carotene 


300 

Phytol 


1000 

Vitamin E 


250 

Vitamin C 

4000-9000* 

Hi 1)0 flavin 


120 

Folic acid 


12 

(Mioline 


900 

Panthothcnic acid 


40 

Vitamin K 


80-100 

Niacin 


50 

Thiamin 


7 

* Vitamin (< is retained only 

under special 


condition of dehydration and storage. 

growth, better feed conversion and in¬ 
creased egg pi'oduction occasioned by the 
use of mixed feeds containing adequate 
but not excessive amounts of alfalfa. 
For turkeys a somewhat higher level of 
meal, 5-10 percent, is advocated. For 
further discussion of the use of alfalfa 
for poultry the reader should consvdt 
Handbook of Poultry Nutrition by W. 
Kay Ewing (10). 

In swine feeding, dehydrated alfalfa 
meal has shown particular value in in¬ 
creasing breeding (efficiency, improving 
lactation, and increasing the average 
number of pigs weaned per litter. The 
use of 10 to 15 percent or more in the 


ration is recommended by Professor Da¬ 
mon Catron of Iowa State College (8). 

Chopped (not ground) dehydrated al¬ 
falfa as w(‘ll as sun-cured hay finds its 
most (extensive use in cattle feeding. The 
manufacture of pellets of meal with 
about 10 to 15 percent of molasses added 
increases jialatability by eliminating the 
(qualities of a light meal that are objec¬ 
tionable to cattle. 

Jn spite of its advantages, alfalfa is 
by no means perfect. Disadvantages 
when f(^d in excessive amounts to poul¬ 
try include lack of palatability, high 
fiber content and a teiidemw to decrease 
rate of growth of chicks and broilers. 
Whether these difficulties can be over¬ 
come by the wet-processing method of 
making a high-protein concentrate, with 
(‘limination of fiber components, is not 
yet known. 

Other Uses 

The writer believes that the industrial 
utilization of alfalfa is today in an in¬ 
fant stage which compares with the de- 
vadopnient of the corn and soybean in¬ 
dustries 30 years ago. Alfalfa is more 
difficult to process than the grains, but 
the advantages of an industry based on a 
])lant which takes nitrogen from the air 
and produces more protein per acre than 
almost any other crop are obvious. 

Vitamin C and other water-soluble vi¬ 
tamins could be recovered from alfalfa 
juice. Several companies are using or 
have used alfalfa meal as a source of 
carotene (provitamin A), chlorophyll 
and xanthophyll. The process in barevSt 
detail involves the solvent extraction of 
high-quality leaf meal with hexane or 
othi'r solvent, concentration of the sol¬ 
vent, and separation of the chlorophyll 
and carotene by chemical processes. The 
carotene concentrate has found use as a 
replacement for vitamin A in feeds. 
Chlorophyll is used in pharmaceutical 
and air-purification products (14). 
With adequate research, no doubt eco¬ 
nomical methods of obtaining phytol. 
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choline, vitamin K and other compounds 
listed in Table 6 could be developed. 

The use of alfalfa in human nutrition 
has been suggested and tried, perhaps 
first by Nebuchadnezzar when he got 
down on his knees and ate **grass”, for 
his w^as the area in which alfalfa maj^ 
have originated as a forage plant. More 
recently Brown and Tisdall (6) reported 
the use of two percent of alfalfa meal in 
special cereal mixtures for undernour¬ 
ished children because of its high vita¬ 
min A content. Fox and Wilson (11) 
have published a bulletin, Lucerne as 
a Food for Human Consumption”, in 
which they point out that the leaves of 
alfalfa contain five times as much vita¬ 
min C as oranges, grapefruit or any of 
the common leafy vegetables. They also 
discuss the value of the protein, miner¬ 
als and vitamin A of this plant for hu¬ 
man food. They suggest using alfalfa 
leaves in green salad and omelettes, in 
cooked form like spinach, or in tea. 
They report the use of alfalfa as a veg¬ 
etable in China and parts of central 
Russia. In this country dried alfalfa 
leaves mixed with mint are packaged 
and sold in most health food stores. It 
is possible that a variety of alfalfa could 
be developed which would be sufficuently 
tender and bland in taste to win accept¬ 
ance as a vegetable. 

The wet processing” methods of frac¬ 
tionating green alfalfa offer promise for 
new alfalfa products. Nebraska Chem- 
urgy Project Bulletin No.6 (25) reports 
experiments on grinding green alfalfa 
through an expeller press which sepa¬ 
rates the juice containing the plant pig¬ 
ments and most of the protein from the 
fibrous material. The dried juice con¬ 
tained 40 percent of protein and re¬ 
tained about 90 percent of the carotene 
found in the plant. Bickoff, Bevenue 
and Williams (5) have reported a simi¬ 
lar process, using a Rietz disintegrator 
and pressing to recover a pigment-rich 
juice. A firm in Los Angeles manufac¬ 


tures an alfalfa powder made by spray¬ 
drying alfalfa juice pressed from green 
alfalfa. Chibnall (9) has reported on 
methods of concentrating the chloroplast 
pigments contained in the plant juice 
by centrifuging. They can also be con¬ 
centrated by heating the juice until co¬ 
agulation of the protein occurs, as de¬ 
scribed in the Nebraska report (25) and 
by Bickoff ct al. (5). Paper has been 
manufactured from alfalfa fiber. 

Research Problems Related to 
Industrial Utilization 

There are many problems to be solved 
in handling alfalfa. kSoiiic of them con¬ 
cern the feed trade and the consumer to 
an extent little realized by those outside 
the feed industry. Both carotene from 
alfalfa and vitamin A from marine 
sources are destroyed in feeds by a few 
months^ storage at summer temperatures. 
Clarence Johnson of Ralston-Purina 
(Company (1) has estimated that the eco¬ 
nomic value of carotene lost between the 
time alfalfa is cut and when it is fed 
amounts to 13.5 million dollars annually. 

Stabilization by means of ])ackaging 
in inert gas has been investigated (16, 
29). Other investigators (20) have 
shown that low temperatures (32° F.) 
and vacuum packaging were both very 
effective in reducing carotene losses. 
Aside from cold storage, industrial meth¬ 
ods for preventing losses have not been 
developed. It has been suggested that 
packaging in modern multiwall paper 
bags with nitrogen or carbon dioxide 
; wo aid prevent some of this loss. 

Industrial processes for eliminating 
fiber content and increasing palatability 
still.await development. The chemical 
fractionation of alfalfa is an infant in¬ 
dustry deserving of attention. Mu(*h 
clinical work could be done on alfalfa 
components such as chlorophyll and 
water-soluble vitamins. Almost unlim¬ 
ited nutritional work can be undertaken 
to supplement the little now known 
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about feeding alfalfa and to determine 
the value of various alfalfa fractions. 

It is encouraging to note that the 
American Dehydrators Association has 
formed an Alfalfa Research Council and 
expects to encourage and finance re¬ 
search on problems related to the in¬ 
dustry. 

The Western Regional Research Labo¬ 
ratory of the IJ. S. Department of Agri¬ 
culture is working on the physical and 
chemical fractionation of alfalfa and the 
characterization of the various fractions. 
A number of State Experiment Stations, 
particularly in States having large dairy 
industries, and private firms and indi¬ 
viduals are also engaged in research on 
alfalfa. With this impetus many inter¬ 
esting developments and continued 
growth of present enterprises can be 
expected during the coming years. 
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Microbial Farming 

Does the production of proteinaceous food by exten¬ 
sive cultivation of baker*s yeast in England and Ger¬ 
many during the recent war presage an eventual 
source of supplementary food for the world through 
the utilization of microorganisms? 

II. C. YIN 

National Pricing Vnivcndly, Peiping, China 


Introduction 

Rapid advances in the science of nu¬ 
trition during recent years have led to 
a critical reexamination of our present 
system of agriculture. Farm products 
are no longer estimated solely in bushels 
or tons per acre but are evaluated in 
terms of the quantities and qualities of 
the essential nutrients they contain. To¬ 
day agriculture is thus planned accord¬ 
ing to man’s dietary needs. 

Basically agric.ulture is a process of 
transforming the materials of the soil 
and air into various forms of food and 
other products with sunlight as the pri¬ 
mary source of energy. How efficient 
tlic agricultural practices are depends, 
therefore, on how much energy they can 
fix or transform, and on how much in¬ 
organic material they can render into 
forms available for human use. From 
this point of view a critical review of 
our present agricultural situation can be 
made, and, wliat is more important, a 
number of interesting prospects can be 
discerned on the broadened horizon. 
Among these prospects the possibility of 
using microorganisms as major crops ap¬ 
pears to be most interesting and funda¬ 
mental. 

Although the use of microorganisms in 
the production of food is an art as old 
as history itself, until very recently it 
played only a secondary or minor role. 
Microbes were primarily used, unwit¬ 
tingly at first, to improve the taste and 


tlic digestibility of the food, as in the 
cheeses of Europe, soybean products of 
Asia, ‘poi' of the Pacific islands, and the 
native beer of Africa. Later they were 
used to supply certain essential nutritive 
factors, for example, vitamin B in the 
form of yeast tablets and yeast extracts. 
Only during the two woi’ld wars, how¬ 
ever, was serious attention given to the 
possibility of using microorganisms to 
furnish the more bulky, body-building 
and energy-producing articles of food, 
such as proteins and fats. Ex))eriments 
have shown that in many cases these 
food materials can be produced satisfac¬ 
torily in resj)ect to both (|uantity and 
quality, by means of mi(*roorgHnisms. 
Furthermore tlicse organisms can do the 
job more efficiently and (juickly than the 
higher plants and animals that we now 
em])Ioy. The culture of them re([uires 
comparatively less labor and \ovy much 
less space. They can be grown in fac¬ 
tories instead of fields. Conse(|uently 
they are less dependent upon the natural 
and climatic conditions and are more 
compliant to human control. Considering 
these obvious advantages, it is reasonable 
to imagine that some day in the future 
‘‘mivrobial farming^’ will form an in¬ 
tegral part of, if jiot wholly replace, our 
present system of agriculture. In view 
of the bitter experiences during two 
w^orld wars and the famine situation of 
the post-war period, a quick and efficient 
way of mass production of food in a con- 
184 
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centratecl form will certainly engage 
serious attention. Industrial concerns, 
ever eager to expand their activities, will 
find ill it a long-sought opportunity to 
enter the field of farming because it 
promises an immediate turnover and is 
well adaptable to their technical facili¬ 
ties. 

Of course, agriculture supplies us not 
only food but also other materials. Fi¬ 
bers, resins, latex, dyes and drugs are 
the notable examples. But all these non¬ 
food products are rapidly being replaced 
by the synthetic substances ot modern 
chemistPerhaps food products, too, 
will some day be synthesized; indeed, 
some have already been patented. How¬ 
ever*, as far as we can see, the day is 
still far off. And before that time we 
shall have to be content with the living 
organisms for our food supply. Among 
the living organisms, as we have shown, 
the microorganisms appear to answer our 
requirements and to fit into our indus¬ 
tries best of all. 

The principal classes of food arc the 
proteins, fats, carbohydrates, vitamins 
and minerals. All these substances are 
known to exist in some forms of micro¬ 
organisms. A complete diet, satisfactory 
at least theoretically, can be obtained 
exclusively from a mixture of these 
organisms. Of course, many problems 
will have to be solved before such a 
major change can be realized. The 
choice of organisms, the process of pro¬ 
duction, the nutritive values and the 
j)alatability of the products remain to be 
investigated in greater detail. Parts of 
these (|iiestions have already been an¬ 
swered, as shown in the following ex¬ 
amples. In the rest, it will be seen that 
a microbial crop is already established in 
commercial production; in the second, 
that one is still in the laboratory stage; 
and in the third, that the organism is 
still to be selected and domesticated, for 
thus far it has not been considered as a 
potential source of food. 


Proteins 

Let us begin our discussion with the 
microbial production of proteins, the 
most important and often a limiting 
factor in our food supplies. As early 
as the first world war the Germans 
were known to have developed a strain 
of yeast for the production of protein. 
The yeast was produced on a commercial 
scale to supplement the deficient diet 
during the blockade. The first experi¬ 
ment was not very successful, owing per¬ 
haps to improper administering of diet 
composition. In the second world war 
considerable progress was made, and 
thousands of tons of protein yeast wore 
l)roduced and used with satisfactory re¬ 
sults. In the allied countries similar in¬ 
vestigations were carried out, and com¬ 
mercial processing technics were devel¬ 
oped. Since the food situation was then 
less urgent the experiment did not get 
much beyond the pilot plant stage and 
no large scale production measures were 
attempted until near the end of the war. 

The organism developed in the British 
laboratories is a strain of baker’s yeast, 
Torulopsis utilis. When dried in the 
form of flakes it is cream white in color, 
has a meat-like taste and is very ric*h in 
protein and the B-vitamins. As shown 
on the following page, weight for weight 
it contains about twice as much protein 
as fresh beef or dried whole milk and 
about the same as soybean. It has all 
the essential amino acids in good bal¬ 
ance, and is especially rich in lysine 
which is usually deficient in the proteins 
of plant origin. Food yeast lacks vita¬ 
min A but is very high in the B com¬ 
plex ; in fact, yeasts in general have long 
been used as a source of these vitamins. 
Feeding experiments have shown that 
pigs thrive well on a diet entirely of 
maize supplemented with 5% to 20% of 
food yeast. Nutritive trials on school 
children have indicated that inclusion 
of yeast in their biscuits and milk leads 
to a greater increase in body weight. 
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Torulopsis yeast grows very rapidly. 
It has a generation time of two to four 
hours, or a tenfold increase in ten hours. 
It can be cultured in a continuous man¬ 
ner, and once inoculated the cultures 
can be kept going with periodical addi¬ 
tions of nutrients and withdrawing of 
the suspension of yeast cells. Sugar or 
molasses can be used as the (carbohydrate 
source, and nitrogen and phosphorus are 
supplied as ammonium sulphate and 
superphosphate. The conversion of in¬ 
organic nitrogen* to protein is almost 
(piantitative, or 100% theoretical. More 
than half of the carbohydrate supplied 
is converted into protein, and most of 


food yeast has been projected by the 
British Colonial Office in Jamaica in co¬ 
operation with the West Indies Sugar 
Co., Ltd. The factory proper will have 
a ground space of about 20,000 square 
feet and cost £110,000 to build. The 
total personnel and labor will be about 
one hundred, and with a little addition 
will be able to handle expansion of the 
factory to twice its present size. The 
factory will produce 12 tons of dried 
yeast in 24 hours. Using molasses as 
raw material the cost of prodiu-ing 
dried food yeast will be about sixpence 
(ten cents) per pound. 

Similar commercial plants for food 


(Composition of food yeast, Torulopsis ufilis^ compared with that of some other foods 
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the remainder into the other cell sub¬ 
stances. The maximum overall efficiency 
as a converter of food energy is many 
times that of vertebrates. Thus, whereas 
the pig, the most efficient food prodmter 
among farm animals, retains 20% to 
40% of the calories taken in as feed in 
the increase of body weight (0.036-0.073 
gram of solid per calorie), and only a 
part of it is edible, yeast shows an t^ffi-’ 
cieiK'y of 50Vr or even 60/^. and yields 
0.125-0.25 gram of solid corresponding 
to 0.6-1.1 calories per calorie intake. 
The efficiency of the production of vita¬ 
min B is even more striking, being 10 
to 200 times that of any animal product 
per caloric of feed. 

A commercial factory for producing 


yeast have existed for sometime in Ger¬ 
many, and others have been recently 
established in America, Sweden and 
elsewhere. Such factories constitute an 
ideal means of improving the dietary of 
people depending chiefly on cereals, and 
are especially suitable for countries hav¬ 
ing a low standard of living. 

Yeast is by far the cheapest method of 
V producing protein from carbohydrates 
and nitrogen. To produce the same 
amount of protein as a yeast factory of 
the above mentioned size would require 
a hundred thousand bead of cattle. Be¬ 
sides, far more space and labor would be 
needed. Animals can synthesize pro¬ 
teins only indirectly. Inorganic nitro¬ 
gen supplied to the soil has to be first 




MICROBIAL FARMING 


187 


transformed by plants in order to be of 
use to them. Both transformations are 
quite inefficient, and the process entails 
a double loss of material. Even land 
supporting lej^uminous plants, whicli 
yield proteins directly available as hu¬ 
man food, is much less efficient acre for 
acre than land made to yield suj^ar for 
the ^rowin^ of yeast. Furthermore, as 
substitute for su»:ar, nearly any carbo¬ 
hydrate properly treated can be used 
by yeast. Hydrolyzed sawdust, pulpin<r 
waste and many kinds of inedible car¬ 
bohydrates have been tried with success. 
Since all plants produce carbohydrate 
in one form or another, the variety of 
raw material is practically unlimited. 
Yeast requires no products of organic 
origin besides carbohydrate. Phosphate 
is obtained in the earth’s deposits, and 
an inexhaustible nitrojren supply can be 
derived by artificial fixation from the 
atmosphere. 

Fat 

Another important constituent of food 
is fat which supplies enerjry in a concen¬ 
trated form and often contains vitamins 
A and D as well as other growth factors. 
One { 2 :ram of fat ^ives upon oxidation in 
the body, nine calories of enerjry, i.e., 
about twice as much as that jziven by the 
same amount of carbohydrate or of pro¬ 
tein (4 cal./^m.). It is digested more 
slowly, stays lonf?er in the body, and for 
these reasons is f?enerally used in cold 
climates and in emerjrency field rations 
where bulk and weigjht are important 
considerations. 

The fact that microorganisms can syn¬ 
thesize fat like the hij^her plants and 
animals had been Ion" known but had 
not been industrially investigated until 
the first world war. Because of the 
shortage of fat the Germans were com¬ 
pelled to produce yeast fat on an indus¬ 
trial scale. The orj^anism used by them 
was Endomyces vernalis which under 


favorable conditions can produce fat 
equivalent to 20% to 25% of its dry 
body weij 2 :ht. A p:reat deal of research 
was done on the problem in the Institut 
fiir Garunji;s"ewerbe in Berlin. The op¬ 
timal conditions for j^rowth appear to be 
15® to 20® C temperature, "ood aeration 
and a medium rich in su"ar and nitro- 
jren. But to obtain hi"h content of fat 
tlie nitrogen supply must be redu(*ed to 
a minimum. Fat accumulation is also 
favored by the presence of alcoholic 
vapor in the air. The production of fat 
by the orj*:anism apparently consists of 
two phases. First the or"anism is al¬ 
lowed to multiply rapidly to "ive lar"e 
quantities of cells; then the cells are 
fattened” in a medium of low nitro- 
j>en. Several industrial processes have 
been developed on this basis. For good 
aeration the organism is generally grown 
on surface cultures. The yield obtained 
is usually about 10 grams of fat per 100 
grams of sugar consumed, although in 
some cases 30% conversion has been re¬ 
ported. Instead of sugar, molasses, saw¬ 
dust, hydrolyzed wood and other cellu- 
losic wastes can be used. The fat so 
obtained is recovered either by extrac¬ 
tion or by autolysis. It keeps wtII in 
the absence of air. 

Yeast fat contains jialmitic, oleic, lin- 
oleic, lauric and other fatty acids as well 
as phospholipids, lecithins and sterols. 
No feeding experiments have been pub¬ 
lished using the yeast prodmd as a sole 
source of fat, but judging from its com¬ 
position, yeast fat probably does not 
difT(»r much nutritionally from other fats 
of plants and animals. 

There are many other fungi which 
accumulate fat in their mycelia, for in¬ 
stance, Penicilliiim, Aspergillus, Fusar- 
iuni and Oospora. Among these, Peni- 
cillium javanicuni van Beyma can yield 
as much as 40% fat of its dry weight. 
Semi-large scale apparatus for its pro¬ 
duction has been worked out and tried 
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with success. Recently a new strain of 
yeast, Rhodotorula gracilis, has been de¬ 
veloped by scientists in Sweden. Its fat 
yield is even higher, over 60%. The 
analysis of this yeast and that of the 
protein yeast are as follows*. 

Comparison or protein yeast {Torulopsis 
utilis) AND FAT YEAST (Bhodotorula 
gracilis) 

(From Encbo, Anderson and Lindin, 1946) 


T. ntilis Hh, gracilis 

% % 


Protein 59 13 

Fat 3 60 

Corlwhydrate 30 24 

Mineral substances 8 3 


The essential conditions for- fat ac¬ 
cumulation arc, again, a low nitrogen 
and phosphate supply. There is a re¬ 
ciprocal relation between fat content 
and jirotein content. With plentiful 
nitrogen and phosphate salts the organ¬ 
ism grows rapidly (one generation in 
about three hours) and accumulates a 
large amount of protein but has very 
little fat. When the mineral supply is 
decreased, the growth rate decreases to 
.one generation in eight to nine hours 
with an increase in fat content to 20%. 
When the mineral supply is at the low¬ 
est, growth is slowed down to one gen¬ 
eration in 15 to 20 hours, while the fat 
content runs up to 60% of its dry 
weight. 

Because of the slowness of the process 
of fat formation, continuous production, 
as with protein yeast, is not industrially 
feasible. Two methods of commercial 
production are suggested. One is to 
grow the yeast continuously with plenti¬ 
ful minerals to obtain a rich big harvest 
of cells with comparatively low indi¬ 
vidual fat content. These cells can be 
used for both their fat (15% to 30%) 
and protein (15% to 35%). The alter¬ 
native method is to culture the yeast in 
batches in a low mineral medium to ob¬ 


tain a high percentage of fat in the com¬ 
paratively smaller number of cells. A 
l^roeess combining the merits of both has 
been tried out satisfactorily in Sweden. 
The yeast is first cultured continuously 
in a mineral-rich medium, and portions 
are taken out periodically to be fattened 
in batches. Industrial jiroduction of fat 
yeast from hydrolyzed wood was known 
to have been planned in Germany in 
1944. Details of the species and condi¬ 
tions of culture are not available. Judg¬ 
ing from the war situation at and im¬ 
mediately after that time, full scale 
operation was probably never Realized. 

The efficiency of fat production by Eh. 
gracilis has not been surpassed either in 
microorganisms or in higher forms. For 
100 grams of sugar intake a yield of 
nearly 18 grams of fat can be expected. 
And the rest can largely be accounted 
for in the proteins and carbohydrates 
of the (*ells. Assuming that two grams of 
sugar are needed to produce every gram 
of cell protein and carbohydrate, it is 
estimated that about 4.5 grams of sugar 
are used to form one gram of fat, or an 
energy efficiency of about 50%. It is 
difficult to compare this figure with that 
of higher plants or animals. As shown 
in the above section, their energy effi¬ 
ciencies in general are always low. Com¬ 
mon experience also indicates that the 
fattening of animals is a very wasteful 
process. Whatever the case, we must 
remember another important point, that 
no animal or higher plant can accumu¬ 
late as much fat as would amount to 
60% of the total dry weight of the body 
as a whole. 

In spite of its efficiency as a fat pro¬ 
ducer, yeast has so far not been pro¬ 
duced commercially with profit except 
under particular conditions, as in the 
war. But with improvement in strain 
and technique there is no good reason to 
exclude microorganism from competing 
with higher plants and animals as fat 
sources, even in times of peace. 
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It may be addc'd liere that all yeasts 
are rich in erj^osterol ^vhich iii)on irradi¬ 
ation acts as vitamin 1). In fact, coni- 
inercial vitamin D is derived mostly 
from this source. The colored species 
of yeast contain also pij^monts of caro¬ 
tene, which are closely related to vita¬ 
min A. Recently it has been reported 
that Bhodotorula gracilis shows a vita¬ 
min A activity of five to ten Interna¬ 
tional units per j^rain of dry wei«:ht, a 
fi<>;ure comparable with that of dried 
whole milk. Lastly it must be remarked 
that yeast fat contains linoleic acid 
which has been shown to be necessary 
for growth but is not synthesized by 
animals. 

Carbohydrates 

It remains for us now to consider the 
last major class of food, carbohydrates. 
This group supplies both the energy for 
growth and tlie raw material for syn¬ 
theses of all the other forms of food. In 
the above exami)les, be it the ])roduction 
of protein or of fat, the basic* material 
is always a carbohydrate. It is true 
that our world is fairly well stocked with 
carbohydrates of the higher plants, and 
there is no immediate danger of short¬ 
age. Nevertheless there are places wIku’c 
the supply of this important mat(‘rial is 
too limited. As it is, agriculture still 
('annot operate in many parts of the 
earth and is not always dependable at 
all times. The si)ace recpiired by farm¬ 
ing and the bulk of its products further 
restrict the transportability and avail¬ 
ability of agricultural produce. A con¬ 
sideration of the production of carbo¬ 
hydrates by microorganisms is, there¬ 
fore, of more than theoretical interest. 

Of course, all microorganisms produce 
carbohydrate, but most of them are es¬ 
sentially converters rather than primary 
synthesizers; they transform one carbo¬ 
hydrate into another. Here we shall 
consider only the autotrophic forms 


which make carbohydrates from carbon 
dioxide and water. The energy for this 
synthesis may come from sunlight or 
from oxidation of inorganic substances. 
All algae and some bacteria belong to 
this category. So far none of these 
organisms has been investigated or cul¬ 
tivated with a view to developing them 
into a carbohydrate crop. 

The one organism that lias been sub¬ 
jected to somewhat extensive cultivation 
is Chlorclla vulgaris. It is a unicellular 
green alga widely used by physiologists 
in researches on metabolism. Its com- 
j)osition is approximately as follows: 

The carbohydrate fraction consists of 
])olysaccharides hydrolyzable by acid. 
It includes approximately 70% of‘liemi- 
celluloses,’’ 28%-30% starch, 4'7(-5% 
disaccharides and hexoses. 

The organism reciuires no organic ma¬ 
terial for growth. Being photosynthetic 
it manufactures its own food out of car¬ 
bon dioxide with the energy of light. 
It is usually cultured in a dilute solution 
of inorganic salts such as MgS 04 dvN 0 M, 
Kn 2 P 04 and a trace of ion. The cul¬ 
tures are illuminated either with indi¬ 
rect sunlight or with incandescent lamps. 
A stream of air (‘ontaining 5^/; carbon 
dioxide is bubbled through the medium 
to supply raw material and agitation. 

In such cultures tlie organism grows 
first rapidly and then more slowly until 
a saturation ])oint is r(*ached. During 
the period of exponential growth the 
popiilatio]! can under suitable conditions 
increase two hundred fold in four days, 
corresponding roughly to a generation 
time of 11 to 13 hours. This is by no 
means its maximum biological potential, 
and as yet no attempt has ever been 
made to attain its highest productivity. 
With improved methods a higher rate 
can certainly be secured. 

From the above figures we can calcu¬ 
late the approximate productivity of our 
algal crop and comjiare it with that of 
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the higher plants. Imagine an acre of 
land being flooded with water plus the 
necessary salts to a depth of one meter 
and then inoculated with Chlorella. In 
about eight days we can get a population 
density of 2 x 10^^ cells per liter, cor¬ 
responding to about one gram of dry 
matter. An acre would give us some 
4,000 kg or four tons of dry substance of 
which more than half would be carbo¬ 
hydrate. If the acre of land were 
planted to corn, one to one and a half 
tons of dry matter could at best be ob¬ 
tained in a growing season of 90 days. 
Thus our alga would be 25 to 30 times 
as productive as corn. This is not sur¬ 
prising when we consider the fact that 
the entire body of the alga is photo¬ 
synthetic, while a large part of the higher 
plant is essentially parasitic and con¬ 
sumes rather than produces carbohy¬ 
drates. 

Our imagined farm is of course purely 
hypothetical. There are a number of 
difficulties to be solved before such a 
practice could be approached. Light is 
perhaps not a limiting factor. The or¬ 
ganism grows well under an illumination 
of*4,000 lux which is about one twentieth 
of full sunlight on a clear summer day. 
At the depth of 5 to 20 meters of sea 
water, 5 to 10% of sunlight still pene¬ 
trates and is more than enough for the 
algae. Nor is contamination by bacteria 
a very serious problem if purely inor¬ 
ganic salts are used and the organism 
can be harvested in a rather short time. 
Temperature and aeration are important 
factors. Heating device and air supply 
must be installed. The growth rate of 
the organism is yet too slow. It is at 
best comparable with that of the fat yeast 
and about one quarter that of the protein 
yeast. Ordinarily the organism declines 
to increase when the population density 
reaches 20 million cells per milliliter or 
about 1/100 the density of the food yeast. 
This phenomenon of saturation is caused 


by a substance produced during growth 
and is inhibitory to both Chlorella and a 
number of bacteria. It may be removed 
by certain absorbents, and upon such 
removal the alga can attain up to three 
times its saturation density. Even then 
the volume of the cultures to be handled 
is too large to be practical. 

So far there are no data available on 
the nutritive value of this alga. Judg¬ 
ing from its chemical composition we 
may be fairly sure that it does not differ 
much from the higher plants which we 
use as animal fodder. In nature the 
alga forms a part of the plankton flora 
and is a primary source of food for 
fishes; so indirectly it is, ah initio, a 
food for man. 

This fact leads us to the'consideration 
of using the sea and fresh water resources 
of organic materials for human needs. 
Many discussions have appeared on the 
subject, and more than once cultivation 
of these resources has been suggested. 
Over 70% of the surface of the earth is 
covered with water, and in it myriad 
forms of life abound. The sea contains 
all minerals required for life and com¬ 
pares favorably with good garden soil 
in fertility. The temperature is even. 
There is no danger,of drought. Plants 
can be grown down to a hundred meters 
or more where sunlight still penetrates. 
Acre for acre it is more productive than 
land. It has been estimated that in 
nature a half of the total photosynthetic 
fixation of carbon dioxide into organic 
matter is brought about by the plankton 
"of the sea. There, indeed, is a rich sup¬ 
ply, too attractive to be long neglected. 
As far as these resources are concerned 
we are still in the primitive, hunting and 
picking stage, although in some waters 
the Japanese have tried the cultivation 
of certain seaweeds, and recently the 
British have been experimentally ferti¬ 
lizing the sea with minerals to encourage 
the growth of plankton. These ventures 
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may eventually develop into a new sys¬ 
tem of aquiculture. 

As we have stated above, green algae 
are by no means the only autotrophie or¬ 
ganisms capable of synthesizing carbo¬ 
hydrates. There are many forms of bac¬ 
teria which reduce carbon dioxide with 
the energy of sunlight or of oxidation of 
inorganic compounds. Species of pur¬ 
ple sulphur bacteria, for example, can 
use carbon dioxide and hydrogen sul¬ 
phide and grow at an enormous rate in 
light with the accumulation of a great 
deal of organic matter. Even among 
the algae themselves there arc endless 
varieties to choose from. With proper 
selection and breeding there is little 
doubt that a strain can be evolved to 
answer the requirements ofc‘ commercial 
production. 

Many polysaccharides are formed by 
algae, and some arc used commercially 
in large (juantities. Paper has been 
made from algal cellulose, and agar agar 
is exclusively derived from algae. Re¬ 
cently alginic acid and a number of 
phyeo-colloids have been found useful in 
the plastic and coating industries and in 
food manufacture. Algal carbohydrates 
may not be all edible, but their possible 
uses in industry and possibly as raw 
material for the production of foodstuffs, 
microbiologically or otherwise, should 
not be disregarded. 

All green plants contain vitamin C in 
their plastids. Algae are no exception. 
With suitable methods of extraction they 
may be utilized as a source of the vita¬ 
min* in addition to being a supply of 
carbohydrates, 

Discussion 

Not so long ago microbes in general 
were looked upon as fearful enemies of 
man. Livestock and crops as well as hu¬ 
man livqs were at the mercy of pestilence 
and plagues. Microbes have caused 
more losses than the sum total of all the 


wars and battles ever fought. Only near 
the close of the last century was it re¬ 
alized that there are microbes of benefit 
to man. With increasing knowledge of 
microbial physiology man not only lias 
gradually brought the harmful ones more 
or less under control but also has domes¬ 
ticated the beneficial ones and har¬ 
nessed them to his advantage. They are 
used to fertilize his fields, prepare his 
food, manufacture a number of useful 
chemicals and vitamins and even to make 
drugs to fight other microbes. 

Within the last few years, moreover, 
it has become increasingly evident that 
probably all organic material in higher 
plants and animals can be obtained from 
microorganisms. From what we have 
discussed it is seen that from the mi- 
crobe.s all the important constituents of 
food can be successfully derived in re¬ 
spect to both quantity and quality. In 
addition the microbes offer several more 
advantages. Firstly they are more eflB- 
eient in converting material and energy 
than are higher organisms. Less space 
and labor and raw material are required 
to produce the same amount of yield. 
Secondly they grow fast and give a 
quicker turnover. Thirdly they thrive 
easily in an artificial environment, less 
dependent on natural elements and more 
amenable to human control. They can 
be reared in any climate, and there is 
little danger of natural famine. Modern 
industrial technology and management 
can be used with little modification in 
rearing them. The large-scale produc¬ 
tion methods that have so successfully 
revolutionized our industries may pro¬ 
foundly alter our food situation, once 
they are adapted to the field of agri¬ 
culture. A major change like this, if 
effected, will certainly permeate into 
every phase of human activity and bring 
about social and cultural readjustments 
that we can at present hardly surmise. 

Of course, w^e are still very far from 
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any realization of this condition. The 
practice of microbial farming is still in 
its infancy; nay, in the prenatal stage. 
There are many problems to be solved 
before it can occupy any significant place 
in our present system of agriculture. 
The technical problems are perhaps the 
least difiicult. There are innumerable 
varieties of microbes awaiting our selec¬ 
tion and breeding and a vast store of 
industrial and scientific experience to 
draw upon. Questions of food habits 
and of social adjustment are more diflS- 
cult to meet, but even these are not in¬ 
surmountable. 

Agriculture has a long past and so far 
has undergone little change. When man 
first appeared, the earth was already 
well stocked with higher plants and 
animals. Naturally it was these higher 
forms which he hunted and collected and 
later domesticated. Nearly all of our 
important crops and our cultivation 
methods have a long history, so long that 
their origins are more or less obscure. 
Although we have made many improve¬ 
ments and discoveries, especially in re¬ 
cent years, we are yet not very much 
better off than our ancestors in the face 
of drought, flood and other of Nature’s 
whims, and have not rid the world of the 
spector of starvation. Agriculture is 
still restricted geographically and at the 
mercy of the natural eleimmts. No rad¬ 
ical progress such as we have witnessed 


in industry has ever been approached in 
it. A large part of these draw^backs is 
traceable to the intrinsic nature of the 
plants and animals we have chosen to 
employ. Of over a million species of 
living organisms known to science, not 
more than a few hundred are utilized 
for intensive cultivation. With our 
modern knowledge of the activities of so 
many more organisms there is little ex¬ 
cuse for us to stick to the few old forms 
for our sole subsistence. 

One of the primary aims of science 
and technology is to enable man to be 
less dependent upon nature. Some vital 
transformations have already been dupli¬ 
cated in the laboratory, and a few 
patents have been issued on microbial 
synthesis of foodstuffs. But \we are a 
long way yet from our goal. Before 
that goal can be approached the use of 
microorganisms must receive extensive 
investigation. Quite a fe>v physiological 
processes of the higher organisms have 
been studied via microorganisms to a 
suc(»essful ])hysio-chemical interpreta¬ 
tion. Carbohydrate metabolism and res¬ 
piration are good examples. The study 
of photosynthesis is already on the mi¬ 
crobial level and is. gradually on the way 
to a biochemical stage. And between 
the present practice of agriculture and 
the ultimate chemical synthesis the gap 
may well be bridgial by a period of 
microbial farming. 


Utilization Abstract 


Hardwood Pulp^^'^^^ard woods, hereto¬ 
fore, have been of only secondary importance 
in the production of paper pulp and have 
been used only as filler in the manufacture 
of high-grade printing paper. In 1946 wood 
from such trees as maple, beech, birch and 
poplar accounted for only 16% of pulp con¬ 
sumption and inventory. This secondary 


position is accouiited for by the short fibers 
of hardwoods, as compared with those of 
coniferous trees, but* government scientists in 
the National Bureau of Standards have an¬ 
nounced possible 75% increase in the use of 
short-fibered woods for pulp by addition of 
the synthetic resin, melamine formaldehyde. 
{Anon., Pulp & Paper Bull. 6{5 ): 1. 1948). 



Watermelon Breeding 

The application of breeding technique to improving 
watermelons has been directed toward obtaining 
disease-resistant varieties and not toward improving 
other qualities^ 

G. K. PARRIS 

Watermelon and Grape Invcsiigaiions Lahoratorii, Lcrshnrg, Fla. 

Introduction eharaeters, usually of the fruit itself, 

OvuR 50 percent of the watermelon restricted a viewpoint, that 

acreage of the United States is located history of the watermelon industry, 
in three States--Georgia (27 percent), shipments to northern mar- 

Texas (16 percent), Florida (15 per- ^ets began in the 1890^ has been a 
cent)—with the remainder scattered in vRvwtcil names. ^Most of the 

North and South Carolina, Missouri, varieties of 40 to 50 years ago ha,ve dis- 
Virginia, Iowa. Mississippi, Tennessee, appeared^ such as Melver, Phinney s 

Oklahoma, Arizona and California. Early, Kolb Gem, Duke Jones, Ruby 

Other States grow less than one percent Ge/n, Green and Gold, Mountain Sprout, 

Mammoth Ironclad, Ruby Gold, Sugar- 

Although all varieties of watermelons ^ Early. A few, like 

are generally considered to belong to Florida Favorite, Rattlesnake and Irish 
Citrullus vulgaris Schrad., great varia- Grey, still can be found in seed cata- 

tion occurs within this species, ranging but are of minor importance, 

from small, hard, bitter and inedible be Kleckley Sweet, introduced in 1887, 
fruits to the large, suceiilent, sweet Watson (1906) are two 

fruits that make watermelons one of the varieties that are listed in seed cata- 
first ten commercial truck crops in this logues selling seed in the South, but 
(‘ountry. There is no adequate classiti- fbeir popularity is on the wane. Any 
cation or cataloguing of the many types variety, new or old, that is to maintain 
and varieties within the s])ecies, and •- position must possess a satisfactory 
su(‘h classifications as we do have are so blend of the many factors that go to 
broad as to be almost worthless. ^^^ake a fine variety. Unless vigorous 

What do we want in a watermelon? precautions are taken, a variety can 
In the past we have classified melons on deteriorate under ordinary conditions of 
their ability to withstand long distance proi)agation, and it is likely that a num- 
shipping^ on their quality, on their ber of varieties that have disappeared 
shape, sometimes on their size. These have deteriorated. To prevent this, im- 
are outward characters, and without proved methods of maintaining stocks, 
consideration of many other factors we and seed certification may help. How- 
are likely to have a melon that can be (‘ver, there seems to be no established 
shipped but that is low in quality, or types for the run-of-the-mill variety, and 
we can h^ive high quality associated with ordinary mass selection from year to 
too low a plant vigor to be produced eco- year may basically change the nature of 
nomically. It is because we have based a variety within less than a decade, as 
our evaluations of varieties on too few seems to have oc(*urred in the variety 
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Stone Mountain. Such changes within a 
variety may lead to re-naming with a 
consequent increase in confusion. Wit¬ 
ness the large number of names by which 
the Florida Giant or Cannon Ball is 
known today; some of the strains of this 
variety differ in some important char¬ 
acters, and a study and classification of 
the various strains needs to be made. 
Market preference and change occur, 
often difficult to explain. For years 
Florida grew the long, cylindrical Tom 
Watson variety and others like it; then 
almost overnight the round to short- 
round Cannon Ball became the favorite, 
and the long type melon was supplanted. 

What may be an ideal watermehm 
from one viewpoint may be very dif¬ 
ferent from another angle. That is, the 
plant breeder, the seedsman, the grower, 
the wholesale buyer and the final con¬ 
sumer may not always agree, and each 
is apt to want different things, all of 
which may not be possible to combine 
under one skin. Often we have to sacri¬ 
fice one thing to get another, and our 
failure to appraise varieties has resulted 
in a great many varieties, each having a 
few good points but also marked defects. 
Many seedsmen would like to eliminate 
some of these varieties but seem unable 
to agree which will get the axe. We 
need a series of standards by which to 
judge a variety, and a brief summary 
with that purpose in view may not be 
out of place here. There may be omis¬ 
sions, and not all of the points are of 
equal importance, but a satisfactory coim 
promise of most of them is necessary. 

Watermelon Characters and Their 
Inheritance 

The various characters that go to 
make up a variety may roughly be 
grouped under fruit characters and 
plant characters. Although plant char¬ 
acters often may determine fruit char¬ 
acters, a distinction is made because the 


plant characters are more general and 
may be hard to determine without a con¬ 
siderable amount of detailed work. On 
the other hand, fruit characters are 
specific and are easily determined by 
observation. 

Fruit Characters. The main charac¬ 
ters by which melon fruits are distin¬ 
guished are size, shape, color and mark¬ 
ing, thickness of rind, texture of rind, 
color of flesh, texture of flesh, uniform¬ 
ity, flavor, sugar content, seed size, seed 
(*olor and number of seed. Some de¬ 
cision concerning each of these points 
must be reached, keeping in mind the 
purpose for which the melon is intended 
and the conditions under which it is to 
be grown. 

The shape of a long melon should be 
a cylinder with ends square and well 
filled. For a round melon a slight 
‘‘squareness of the ends generally is 
liked. A number of years ago the de¬ 
mand was for a large melon, the larger 
the better; then came an era when a 
smaller melon was asked of the breeder, 
a melon adaptable to small families and 
small refj'igerators; and today the de¬ 
mand seems to be again as it started, the 
bigger the melon the better. Even 
within a single State, at the same time, 
the demand can differ; Central Plorida 
wants big melons, while around Tampa 
the Cuban population wants a relatively 
small, 12-15 pound melon, and a trucker 
peddling a load of big melons there has 
trouble disposing of his cargo. Uni¬ 
formity in shaj)e and size are more im¬ 
portant than excessive sizes with varia¬ 
tion of both size and shape. McKay 
(17) has shown that oblong and round 
shapes in melons seem to depend on 
single factor differences, while Porter 
(33, 34) believes that the inheritance of 
fruit shape is complex. Weetman (54) 
gives data to show that the difference 
between elongate and spherical fruits is 
determined by a single pair of genes 
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which lacks dominance. Heterozygous 
individuals bear fruits of intermediate 
form. The shape of the mature fruit 
and young ovary shape were closely 
correlated. The small size of a mature 
fruit seemed to be dominant over large 
fruit, if data for fruit weight were 
plotted arithmetically, but if the data 
were plotted logarithmically the genes 
for size seemed to lack dominance and 
had proportional effects. Fruit shape 
and fruit weight were significantly nega¬ 
tively correlated. Poole et al. (22) have 
found that fruit shape and plant sex 
habit are linked with a cross-over value 
ranging from 0.136 ±: 0.029 for a back- 
cross population of 140 plants, to 0.207 
±; 0.010 for segregating F^ populations 
totaling 2,085 plants, to 0.350 zt 0.035 
for an Fg population of 301 plants. 
Fruit shape and fruit weight were sig¬ 
nificantly correlated in some crosses and 
backcrosses, but in others the two char¬ 
acters showed no significant correlation. 
Multiple-factor determination ot‘ weight 
prevented their making linkage esti¬ 
mates. The number of genes segregating 
for weight inheritance in the cross. 
Northern Sweet (about 3.2 kilos) x Dove 
(about 8.0 kilos, heterozygous for 
weiglit), was estimated from the F 2 pop¬ 
ulation at 25 genes and from the ba<'k- 
cross to Northern Sweet at 12 genes. 
Weetnian (53) has shown that it is pos¬ 
sible to forecast the mean shape of water¬ 
melon fruits by averaging a number of 
cotyledon indices, but that the probabil¬ 
ity of making accurate predictions for in¬ 
dividual plants is considerably smaller. 
Round melons seemed to produce round 
shaped cotyledons, and more elongate 
('otyledons were correlated with elongate 
melons. With citrons there was no cor¬ 
relation, negative or positive, between 
cotyledon shape and fruit-shape, and in 
a group of watermelon-citron hybrids 
the coefficients were not significant. 

The chief points to be considered in 


connection with the color and markings 
of watermelons are the market prefer¬ 
ences, the type the growers have become 
accustomed to, and more especially the 
relation of color to the likelihood of sun¬ 
burn. Ordinarily it may be mid that the 
darker the rind the more the likelihood 
of sunburn and vice versa, but some of 
our light-skinned melons also burn rather 
easily. There is a definite prejudice 
against the lighter colored rind (e.g., 
the Hawkesbury) in some sections, while 
in other sections this color is preferred 
over all others (e.g., the Smithfield area 
of Virginia). Porter (33) has found 
that green fruit skin is dominant over 
yellowish white but incompletely domi¬ 
nant over striped and yellowish green, 
while Weetman (54) reports that dark- 
green rind is dominant over light-greeji 
rind by a single factor difference, though 
other genes appear to determine minor 
variations in the light color; broad strip¬ 
ing seemed to be due to a single recessive 
factor in one cross, but was dominant in 
another cross. The gene for striping 
either forms a multiple allelomorphic 
series with the genes for dark- and light- 
green rind color, or is (dosely linked with 
these genes. McKay (17) observed what 
he thought was a 3 :1 ratio in the case of 
‘‘green stripe’^ vs “white-stripe^^ melon 
fruit markings, but further work was 
('onsidered necessary. 

Thickness oF rind is rather variable, 
but the aim should be to ])roduce as thin 
a rind as possible consistent with the abil¬ 
ity to staml handling and shipment. 
While the rind must be thin, it must also 
be tough; one easily cut with average 
pressure from a thumbnail is not tough 
enough under ordinary conditions. A 
/half inch of extremely tough consistency 
is about the ideal, but this would also 
call for great improvement in handling 
in the field. Melons often are handled 
as if they were pulpwood; and such han¬ 
dling may result in many melons becom- 
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ing pulp unless they have a number of 
the characters of wood. Porter (33) has 
shown that tough rind is dominant over 
tender rind, a single-factor difference be¬ 
ing indicated from a 3:1 segregation in 
P2. 

The ideal flesh color of a watermelon 
to most people is deep rich red, but there 
is a wide range from brilliant red to yel¬ 
low. Yellow fleshed melons do not have 
a general appeal, but some people like 
this type of flesh. The writer recently 
has seen a shade given a local name of 
Flaming Delicious; the flesh has the ap¬ 
pearance of half-cooked steak with a dash 
of orange added. Bennett (2) states that 
red flesh color appears to be dominant 
over white flesh color, but in his there 
appeared more white-fleshed individuals 
than expected, and the backcross to the 
white parent gave all white-fleshed 
fruits. Porter (33) states that red flesh 
color is dominant over yellow and sug¬ 
gests the symbol for red and ‘^r’^ 
for yellow. 

Texture of the flesh is as important as 
the color. Some varieties are grainy, 
some rather slimy, and it is the work of 
the breeder to secure a blend of charac¬ 
ters that will satisfy as many peo])le as 
possible. Crispness and freedom from 
stringiness are perhaps the main require¬ 
ments. Bennett (2) could find no evi¬ 
dence of the inheritance of flesh texture 
in watermelon, and Porter (25) believes 
that the flesh quality of citrons resistant 
to Fusarium wilt is dominant over the 
flesh qualify of the wilt-susceptible, 
watermelon, as Orton (19) had stated 
previously. There is considerable range 
of variation in the uniformity of flesh 
in regard to both color and texture. In 
some melons the range is all the way 
from small, liard areas within the flesh 
to whiteheartedness and inedibility. It 
is probable that much of the whiteheart 
of melons is due to genetic? rather than 
environmental causes, but of course this 


should be qualified on the basis of the de¬ 
finition of whiteheartedness. The so- 
called “second growth^’ of watermelons 
should not be confused with whiteheart. 
“ Crackleheart ’ ’ may occur also to a 
greater extent in some strains than in 
others and must be guarded against. Its 
origin is poorly understood, but it is pos¬ 
sible that both environmental and genetic 
factors are responsible. Round varieties 
seem to show this defect more often than 
long varieties, and it is possible that the 
difficulty may be to some extent mechan¬ 
ical in that distribution of weight is less 
efficient in round types. Walker (46) 
reports that whiteheart was present in 
the Kleckley Sweet out of which he se¬ 
lected the wilt-resistant Leesburg; mel¬ 
ons showing whiteheart were discarded, 
and the Leesburg is free of this defect, 
as is the Blacklee, while the Hawkesbury, 
the other parent of the Blacklee, shows 
much whiteheart (51). 
yFlavor in watermelons in judged 
largely on the basis of sugar content, but 
different flavors do occur and some are 
objectionable but relatively easy to elim¬ 
inate. The sugar content is more impor¬ 
tant and takes continual testing to assure 
that the variety possesses a total solids 
content of more than nine pendent when 
mature; the higher quality melons will 
range between ten and twelve percent, 
sometimes reaching sixteen percent. 
Sugar content does not necessarily have 
to be associated with flesh color, since 
tests on relatively immature melons can 
show rather high refractometer values. 
‘ This might be an advantage when melons 
are marketed before complete maturity. 
Pointer el al. (35) found that real differ¬ 
ences in sugar content exist among mel¬ 
ons, with Leesburg and Hawkesbury rela¬ 
tively low in California and the Klondike 
types relatively high. Eighty-five per¬ 
cent of the total soluble solids is sugar, 
and it is justifiable to use the hand re¬ 
fractometer to determine relative sweet- 
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ness of juices of melons. Two or three 
drops of juice taken from the blossom 
end of one-half of a fully mature fruit, 
between the rind and the seed zone, f^ives 
approximately the same refractometer 
readinj^ as a composite sami)le taken 
from the edible tissue located almost en¬ 
tirely within the seed zone of the same 
half. The center of a melon has a soluble 
solid content roughly 1.3 percent above 
the average (16). Reducing sugars are 
formed first in the watermelon, and with 
approach of maturity sucrose develop¬ 
ment proceeds rapidly (35). Sucrose 
predominates in overmature or mature 
stored fruits. Of the reducing sugars, 
levulose predominated over dextrose in 
limited tests; later dextrose increased 
more rapidly than levulose. Varieties 
possessing relatively low soluble solids 
and total sugar content on the average 
contain individual plants which produce 
high sugar fruits. 

There is a wide range in the size of 
seed in melons, and little effort has been 
made to breed to any particular size. 
Prom the consumer’s standpoint he 
would just as soon have as few seed as 
possible. The color of the seed is a mat¬ 
ter concerning which there is more dif- 
fereiK'e of opinion; darker seed usually 
are ])referred and a red flesh color is in¬ 
tensified by the presence of dark colored 
seed. Some persons believe, incorrectly, 
that lighter colored seed, white or tan, 
are signs of immaturity or crossing with 
citron. Another rather wide range is 
the number of seeds produced by vari¬ 
eties, and a somewhat high price charged 
per pound can be traced in c.ertain in- 
stan(?es to the production of relatively 
few seeds per melon. Environmental in¬ 
fluences are said to determine the num¬ 
ber of seeds produced, but experimental 
evidence is lacking. Poole ct al. (21) in 
a well-rounded study found that seed 
coat color ranges from an almost pure 
white through red, green, tan, mahogany 


and black, with various patterns super¬ 
imposed. Their new term ‘‘clump”, re¬ 
ferring to seed color, means a phenotype 
which varies in segregating populations 
from a large central eyespot to nearly 
uncolorcd seeds except for black spots on 
the hilum prominences. They studied 
black, clump, tan, white-tan-tip and 
white-pink-tip seed color phenotypes, 
and of ten possible cross combinations 
seven were made. Analysis of Po, P;{ 
and back(*ross populations indicated that 
the colors and patterns of this series were 
determined by the interaction of a sys¬ 
tem of three main genes, R, T and W, 
and one s])ecifie modifier, D, operating 
on black only. Of the eight possible 
})henotypes from the three main genes, 
six were indicated, viz: RTW (black), 
RTw (clump), RtW (tan), Rtw (white- 
lan-tip), rtw (red) and rtw (white- 
pink-tip). RTWd restricts the black 
])igment to dots more or less uniformly 
distributed. There was no evidence of 
linkage within groups of the length 
(LS) or color (DRTW) genes; but be¬ 
tween groups, the genes L and W dis¬ 
played coupling linkage of 19.3 ±1.1 
in F 2 and 15.8 ± 1.2 in back cross, 24.7 
± 4.9 repulsion linkage in P 2 , and 21.52 
± 7.24 coupling linkage among the two 
completely identified i)arents of an P^ 
generation. The previous works of 
Kanda (12) and Weetman (54) support 
these findings. Other works on the in¬ 
heritance of seed color are by McKay 
(17) who showed in two crosses, tan x red 
and green x red seed coat, that the red 
color is recessive and controlled by a 
single factor difference, and by Porter 
(33) who reported that black and tan 
seed coat each are dominant over white, 
black is dominant over tan, red seemed 
to be dominant over white, and both 
black and red seemed to be dominant 
over green. The number of factors in¬ 
volved was not determined. ^Weetman 
(54) crossed races of melons wherein 
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weight samples of 25 seeds were light 
(1.22 zb 0.01 gm.) and heavy (2.60 ±: 
0.05 gm.). In the P 2 and backcrosses to 
both parents the lighter weight parent 
approached monogenic dominance over 
the heavier, but chi-square analysis 
failed to establish an acceptable fit. 
Poole et aL (21) found that watermelon 
seed length can range from 5.5 to 15.5 
mm. Three seed-length phenotypes were 
studied, short (average about 6 mm), 
medium (average about 10 mm), and 
long (average about 13 mm), which be¬ 
haved with respect to each other as 
though belonging in a dihybrid F 2 seg¬ 
regation of nine medium (LS) to three 
long (IS) to four short (Ls and Is). 
Weetman (53) calculated an index for 
seed shape and showed that melon vari¬ 
eties with round fruits have seeds which 
are less elongated than those from long- 
fruited varieties. 

No evidence of linkage has been found 
between flesh color and seed coat color, 
between flesh (jolor and fruit rind 
color, between flesh color and rind tough¬ 
ness, between fruit-skin color and rind 
toughness, between seed-coat color and 
rind toughness, or between skin color 
and seed coat color (33). 

Plant Characters. The chief points 
are vigor, earliness, prolificacy, and re¬ 
sistance to disease, insects or mechanical 
injury. Vigor may be defined as the abil¬ 
ity of a variety to thrive under a wide 
range of environmental conditions, the 
aim being to secure strains or varieties 
that show an ability to survive without 
special care. It may take a long time to 
gain definite information on what con¬ 
stitutes earliness, which is of great im¬ 
portance in early market sections (Flor¬ 
ida, Georgia), but no variety, to succeed, 
must be conspicuously later than others 
grown in the same geographical area. 
Earliness may be associated with vigor, 
and this might also be said of prolificacy. 
In some instances a variety may be 


overly prolific, e.g., the Blacklee, and re¬ 
quire heavy “pruning^’ which is expen¬ 
sive, with the possible introduction and 
certain spread of plant diseases in the 
process. 

Inbreeding of the watermelon does not 
cause loss of vigor, self-sterility, decrease 
in number of fruits, or total yield per 
plant (28, 31, 46, 51), and tends to iso¬ 
late strains which produce either larger 
or smaller fruit than the commercial 
variety, and to establish homozygosity 
for those factors responsible for rate of 
plant growth (31). In the Klondike va¬ 
riety, strains inbred for four successive 
generations have been isolated which pro¬ 
duce fruits equal in weight to those of 
the parent variety but which excel the 
latter in fruit uniformity, flesh color, 
texture and quality (28). In 1947 the 
Iowa Agricultural Experiment Station 
released two melon varieties, the Dixie 
Hybrid and the Kleckley Hybrid, both 
Fi seed, the former wilt-resistant, the 
latter possessing ‘‘strong resistance to 
wilt and anthracnose^\ It is pointed 
out that seed of these melons should not 
be saved, since they do not reproduce 
themselves. The two varieties were 
grown at Leesburg in 1947, and some 
wilt occurred in the Dixie Hybrid which 
is a large, well favored and tasty melon ; 
the Kleckley Hybrid, late to mature and 
rather small, showed more anthracnose 
than Black Kleckley and was not tested 
for its resistance to wilt. This is prob¬ 
ably the first instance of the usage of 
hybrid seed in watermelon. Porter (31) 
and Walker (49) have described the tech¬ 
niques valuable in watermelon breeding. 

Rosa (37) and Porter (33) have shown 
that in crosses between monoecious and 
andromonoecious varieties of watermel¬ 
ons, the monoecious condition depends 
on a single dominant factor. In water¬ 
melons and citrons the monoecious con¬ 
dition predominates, and only a few 
(Black Seeded Angelino, Black Seeded 
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Chilian, Snowball, Winter King and a 
Kalihari citron) have been found to pos¬ 
sess hermaphroditic flowers. The factor 
concerned in sex differentiation must be 
borne by both micro- and macro-gametes, 
since reciprocal crosses and back-crosses 
g^ive concordant results (37). Pistillate 
flowers usually have a long ovary, while 
hermaphroditic flowers have shorter, 
more nearly round, ovaries. Kozhukhow 
(13) reports 11 pairs of chromosomes 
for several varieties of commercial wa¬ 
termelons, and Bennett (2) confirmed 
this figure. 

Fruit setting tendency, following ar¬ 
tificial self-pollination, is apparently in¬ 
fluenced by the air temperature and hu¬ 
midity between 6 A.M. and noon, by the 
hour of pollination, by ovary size and 
by the relative vigor of the runners bear¬ 
ing the selfed flowers (31). Relatively 
low air temperature and relatively high 
humidity from early morning until noon 
favor fruit setting. A better set is ob¬ 
tained if pollinations are made between 
6 A.M. and 9 A.M. than between 9 A.M. 
and 12 noon. Small ovaries rarely set 
fruit, while fruit setting tenden(‘y pro¬ 
gressively increases among large ovaries. 
Strong or medium runners bear large 
ovaries. There is no evidence that fruit¬ 
setting tendency, after self-pollination, 
is heritable; it depends entirely upon 
proper selection of the pistillate flower 
with respect to ovaiy size and runner 
vigor and on the environmental condi¬ 
tions for a period of five ^or more hours 
after pollination. No evidence was 
found of flowering peaks or fruiting 
cycles, such as have been reported for 
muskmelon and for squash. 

Resistance to disease is highly impor¬ 
tant, and we now have a number of wilt- 
resistant varieties (see: Pusarium Wilt), 
and at least one anthracnose-resistant 
variety, (see: Anthracnose), but no 
known varieties resistant to gummy-stern 
blight or downy mildew. Resistance to 


aphids will be acceptable when found, 
and resistance to the attacks of the root- 
knot nematode could be used. Under 
the heading of mechanical injury must 
be considered sunburn which can se¬ 
verely injure an otherwise beautiful crop 
of melons. Sunburn in Florida seems to 
occur under conditions of high tempera¬ 
ture and high humidity; the small area 
of melon rind uppermost literally burns 
and dies, leaving a yellow blemish which 
can serve as an avenue of entrance for 
rot-producing organisms. Locally we 
have found that a lime wash or paint, ap¬ 
plied to the uppermost strip of tissue of 
the melon, not more than three inches 
wide, will at low cost reduce or inhibit 
burning. Its removal is easy with a 
dampened rag. Excessive or repeated 
rains may w^ash off much of the lime, but 
it can be replaced even more rapidly 
than originally applied. Failure to show 
mu(di sunburn is one of the good points 
about the variety Cannon Ball. 

The most elusive factor in melon breed¬ 
ing is the matter of market preferences 
in which the range is about as great as 
the number of consumers, and it often is 
difficult to fix upon definite standards 
because of the constantly changing de¬ 
mands of both grower and consumer. 
Even with the best of varieties, seasonal 
conditions or diseases may undo the most 
(*aref ul work of the breeder or seedsman. 
With the improvement of varieties and 
of seed there also should be an accom- 
X)anying improvement in field practices, 
particularly in disease control and han¬ 
dling. 

Even though a happy blend of most 
of the varietal characters is attained, 
the problem arises as to how to maintain 
the variety unchanged, or at least pre¬ 
vent its deterioration. It is not possible 
in most cases for wholesale seed growers 
to assume full responsibility, since few 
are in a position to maintain breeding 
fields where close attention can be paid 
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to a single variety. About as far as they 
can go in this direction is their coopera¬ 
tion in carrying out a satisfactory certi¬ 
fication program. Where disease-resis¬ 
tant varieties are concerned, a lack of 
detailed knowledge of the diseases in¬ 
volved would be an especial obstacle. 
Without sacrificing the more detailed 
work of varietal testing and improvement 
it is not possible for State experiment 
stations to maintain indefinitely stock- 
seed fields of standard varieties or of 
new introductions. While much work is 
being done toward improving varieties 
and seed, no long time provision has been 
made to assure the maintenance of stocks 
we now have and the ones that will ap¬ 
pear in the future. It seems that some 
provision of this kind is needed, one that 
would serve as a repository for unques¬ 
tionably pure and true types of standard 
and recognized varieties and strains. 
Testing and accurate appraisal of all 
stocks would be made before recognition. 
Maintenance of such stocks certainly 
would simplify seed certification. In the 
meantime, certification of seed, purifica¬ 
tion of stocks, elimination of the less 
desirable strains, development of new 
strains and the improvement of older 
ones are going ahead in various parts of 
the nation. 

Breeding For Disease Resistance 

Wlien one examines the literature on 
watermelon breeding, two things imme¬ 
diately fo(‘us the attention, one, that most 
of our knowledge of the inheritance of 
characters in watermelon has been ob¬ 
tained by plant pathologists or plant 
breeders interested in the development 
of disease-resistant watermelons, and sec¬ 
ond, that the States most interested in 
the production of resistant varieties are 
the States,that have contributed to our 
knowledge of the genetics of watermelon. 
Because a variety not only must be resis¬ 
tant to disease but must also possess high 


quality and be desirable in type, the wa¬ 
termelon breeder usually has studied the 
factors that determine quality and plant 
type simultaneously with the mode of in¬ 
heritance of disease resistance. In a 
few cases horticulturists, geneticists or 
plant breeders have studied the water¬ 
melon per se (12, 17, 37). 

Investigators have striven to develop 
varieties resistant to wilt, caused by Fu- 
sarium oxysporum f. niveuni (E.P.S.) 
Synder and Hansen, and to anthracs 
nose, due to Colictolrichum lagenarium 
(Pass.) Ell. & Hals. Other diseases that 
would appear susceptible to control 
tiiroiigh breeding are downy mildew, 
caused by Peronoplasnwpara cuhcnsis 
(B. and C.) Rost., and gummy-stern 
blight, due to Mycoaphaerella citrullina 
(C. O. Smith) Gros.’, for differences in 
susceptibility do exist. 

Fusarium Wilt. The fungus Fusari- 
urn. oxysporum f. niveum (=P. nivcnm) 
was first associated with watermelon wilt 
by Erwin F. Smith in 1804 who studied 
the disease in South Carolina (41). 
Later Smith (42) found the macroco- 
iiidia and chlamydospores, and in 1809 
he gave a report on the morphology, vi¬ 
tality, longevity, pathogenicity and dis¬ 
semination of the causal agent, a descrip¬ 
tion of some of the seedling and field 
symptoms, and an ac(‘ount of the relation 
of the fungus to the host (43). 

Will-resistant Varieties, Orton ^s re¬ 
search (19) is a classic example of the 
early work in this country in the devel¬ 
opment of disease-resistant plants. His 
^Conqueror variety, produced in eight 
generations from the cross of the wilt- 
susceptible, edible variety Eden with the 
wilt-'resistant, inedible citron, seemed to 
be highly resistant at first, but subse¬ 
quent testing showed that its disease-re- 

1 A recent paper (Chiu, W. F. The patho¬ 
genicity of MycosphaercUa citrullina. Phyto¬ 
path. [Abst.] 38: .5. 1948) states that Im¬ 

proved Kteckley Sweet is more resistant than 
Hawkesbury. 
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sistiiig powers were lacking in Iowa (25, 
26, 27, 80), West Virginia (39, 40) and 
Oregon (40). It was highly resistant, 
however, in Texas (44), but its type and 
quality there were not entirely desirable 
(26, 44). Today the Conqueror seldom 
is grown. Orton did demonstrate, how¬ 
ever, that the citron melon possessed re¬ 
sistance to Fusariiim wilt, and this lead 
was adopted by investigators in Iowa, 
California and elsewhere. 

In 1924 the Iowa Agricultural Experi¬ 
ment Station initiated a program to de¬ 
velop watermelon varieties resistant to 
Pusarium wilt which had wrouglit so 
much damage, particularly around Mus¬ 
catine, that fields once producers of good 
(*ro])s had been idle for 16 years. Ijand 
values there dropped materially and the 
watermelon section lost its air of pros¬ 
perity, a condition that was charged di¬ 
rectly to watermelon wilt (26). The dis¬ 
ease is said to have reduced the average 
annual Iowa ac^reage by 90 percent and 
the average annual shi])ments from about 
3,000 to less than 50 carloads (80). 
Porter and Melhus soon re(*ognized that 
in every infested field a few plants of 
the varieties Kleckley Sweet, Excel and 
Long Light l('ing did not wilt (80), and 
in 1927 they planted a large field of the 
Kleckley Sweet on infested soil, out of 
which 11 selfed melons were obtained, 
and one of these, the K-S4, became the 
Pride of Muscatine. Tliis variety, while 
it served to tide over the Iowa farmers, 
was not desirable in type and had a 
rather inferior flesh (34, 56). By fur¬ 
ther selection and inbreeding of another 
strain from Kleckley Sweet, the K-11, 
the variety Improved Kleckley No. 6 was 
isolated and introduced around 1936. 
Out of the cross Stone Mountain x Ja])an 
No. 7 (a wilt-resistant, round-fruited, 
yellowy-skinned, white-fleshed variety) 
was developed the wyilt-resistant Im¬ 
proved Stone Mountain No. 5 (23) w^hich 
is adapted for local marketing and home 


use rather than for shipping because of 
its tender rind. Two other wdlt-resistant 
varieties, the Iowa Belle and Iowa King, 
were developed in low^a during a three- 
year period prior to 1981. Both of these 
w’ere chance hybrids out of Orton ^s Con¬ 
queror which had been subject to polli¬ 
nation by other varieties, particularly 
the Kle('kley Sw^eet, picked u]) in the 
field by 0. H. Elmer and S. M. Dietz and 
turned over to Porter and Melhus for 
further study (80). Both Iowa Belle 
and Iowa King are long type melons; 
both mature later than Pride of Musca¬ 
tine. Layton and Wilson have shown 
that Pride of Muscatine, Iowa Belle and 
Iowa King give good yields on Pusari- 
um-infested land (14). 

Continuing his research at Iowa, Por¬ 
ter (25) reported that some Chinese se¬ 
lections, Preserving Citron, and tw^o se¬ 
lections of forage melons from Africa 
possessed resistance to w^ilt and w^ere be¬ 
ing utilized as parents in his breeding 
program. At about the same time Sleeth 
(40) was finding that a Russian variety 
of melon was almost immune from wilt. 
Porter and Melhus (27) then tried cross¬ 
ing the Conqueror melon with the Kleck¬ 
ley Sweet and reported that the P.-, of 
some of the (*rosses appeared to possess 
considerable resistance. They noted, 
howyever, that the CJornpieror showed 
little resistance, and this (‘onfirmed pre¬ 
vious observations that resistance was 
present in the Kleckley Sweet; Walker 
(46) corroborated this, and his Leesburg 
is a selection out of Kleckley Sweet. Por¬ 
ter and Melhus (27) also tested the resis¬ 
tance of seven citron strains, finding 
that six were immune from wilt and that 
in the Py of the cross Kleckley Sweet x 
Citron (variety Kafir) there was 86 per¬ 
cent resistance, but few of the melons 
were edible. 

In the meantime the watermelon grow¬ 
ers of central Florida (Lake County) 
had secured an appropriation from their 
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legislature to establish a research labora¬ 
tory at Leesburg to develop a melon or 
melons that would resist Fusarium wilt. 
The predominant variety in 1930, the 
year that the Watermelon Laboratory 
was started at Leesburg, was Tom Wat¬ 
son, which is a high quality, cylindrical, 
dark rind variety with brownish seeds. 
Florida melon growers were afraid that 
they would soon exhaust their supply of 
‘'new land^’, or their supply of land 
which had not supported melons for 
eight to ten years, that is, land on which 
a wilt-susceptible variety could be grown. 
Clearing and fencing new land each year 
involves heavy expense (over $40.00 per 
acre in 1946), and, as the fields become 
located farther from the highways and 
railroads, there is also an increase in the 
costs of transporting equipment, labor 
and the crop. Walker (46) stated in 
1936: “The continuous use of new land 
in the Leesburg area has practically de¬ 
pleted the supply and, unless a market¬ 
able, resistant variety is grown, the in¬ 
dustry in this particular area must 
decline ’ \ This did not turn out to be so, 
however, and even today the watermelon 
grower of central Florida seems to be 
able to find “new land’’ on which to 
plant his wilt-susceptible favorite vari¬ 
ety, the Cannon Ball or Florida Giant. 
Walker (46) pointed out further that the 
wilt-resistant varieties developed by the 
Iowa Station were not suited for Florida 
growing and marketing conditions, which 
necessitated the production of a wilt-re¬ 
sistant variety for Florida. He tested 
the wilt resistance of 104 varieties and > 
strains of watermelon and also a few 
citrons. To speed up the work of strain 
elimination, greenhouse testing of resis¬ 
tance to wilt was carried on simultane¬ 
ously with field work. By 1936 Walker 
had eliminated all but about 12 strains 
of melons, one of which was the high- 
quality, wilt-resistant Leesburg variety, 
obtained by selection from the Kleckley 


Sweet, seeds of which had been obtained 
from a Leesburg seedstore (46). The 
Leesburg is of a lighter color than the 
Kleckley Sweet but with a tougher rind, 
long, with blocky ends, smooth, faintly 
grooved, medium dark green. The seeds 
are white. It was free of whiteheart and 
did not sunburn too much, averaging 22 
to 26 pounds in weight, occasionally 
reaching 30 to 35 pounds. 

Unfortunately the Florida watermelon 
growers did not like the Leesburg vari¬ 
ety ; they said it was too small, the flesh 
was pale red instead of red, and it had 
white seeds, qualities which are objection¬ 
able because they often are considered 
to indicate immaturity. So, with plenty 
of “new land” available, the Leesburg 
w'ent unused locally, but it was tried in 
Virginia (4, 5), Oklahoma (3), and Cali¬ 
fornia (34), and was found to be highly 
resistant. In none of these places, how¬ 
ever, was it the type required and it 
could not compete with varieties like the 
Hawkesbury or the Klondike. Seedsmen 
in north Florida still grow Leesburg seed 
which they market in Florida, Georgia, 
Mississippi, Maryland and Virginia, but 
they sell only about 10 percent of the seed 
they sold in 1942. The Hawkesbury had 
been discovered in Australia in 1935 (59, 
60), growing in a field of Grey Monarch 
melons, by Mr. H. S. Shirlow, the plant 
breeder at the Hawkesbury Agricultural 
College, Hawkesbury, New South Wales. 
Since it differed from the regular Grey 
Monarch in that it had dark instead of 
light colored seed, it was first named 
‘ ‘ Dark Seeded Grey Monarch ’ ’. Later it 
was identified wrongly as the Thurmond 
Grey variety and because of its resistance 
was designated “Wilt Resistant Thur¬ 
mond Grey ’ ’. Subsequently it was found 
to be different and was named “Hawkes¬ 
bury Wilt Resistant ” or “ Hawkesbury ’ ’. 
First to receive this wilt-resistant variety 
in America was Duke Layton at Iowa, and 
from Layton it was sent to H. T. Cook at 
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Norfolk, Virginia. Cook (4, 5) and Cook 
and Nugemt (6) confirmed that the 
Hawkesbury is highly resistant to wilt, 
as did Walker (51) who used it to cross 
on Leesburg to obtain the Blacklee, and 
others (3, 34, 38). Porter (34) reports 
that he isolated a wilt-resistant white- 
seeded strain of Grey Monarch in 1930, 
but it was of inferior quality. Con¬ 
tinued inbreeding of more desirable re¬ 
sistant individuals found in Grey Mon¬ 
arch resulted in the production of a 
strain with 68 percent resistance. Cook 
(4, 5) and Cook and Nugent (6) were 
pleased with the performance of the 
Hawkesbury on wilt-infested land in the 
Smithfield area of Virginia, but less 
pleased with the varieties Leesburg, 
Pride of Muscatine, Iowa Belle, Iowa 
King, Improved Stone Mountain No. 5, 
Improved Kleckley Sweet No. 6 and the 
wilt-resistant strains of Klondike that 
Porter was developing for the California 
melon growers. The Smithfield growers 
like large grey melons, so the Hawkes¬ 
bury suited them perfectly. 

About 1931 Porter left the Iowa Agri¬ 
cultural Experiment Station and went to 
California which needed wilt-resistant 
watermelon varieties. The Klondike is 
their most desirable variety, an oblong 
to long melon, black-seeded or brown- 
seeded, depending on the particular 
strain encountered, with slightly ribbed, 
dark-green rind, which originated about 
1908 as a mutation in a field in southern 
California (31). A variation of the 
Klondike is the Striped Klondike which 
has a light-green rind with darker-green 
striping, said to have been selected about 
1923 in a field of commercial Klondike. 
To develop resistance to Pusarium wilt 
in the Klondike, Porter (34) planted a 
wilt-infested field with approximately 
200,000 seeds of the variety obtained 
from as .many sources as possible. Six¬ 
teen plants survived, and self-pollinated 
seed was saved from nine plants which 


were used as subsequent breeding stocks; 
in 1937, after two years testing, only a 
single strain seemed worthy of further 
propagation (“Pedigree 24’0.\ This 
strain, later termed “Klondike 
showed high resistance in California^, 
Iowa, Florida, Georgia, Virginia and 
Indiana. The flesh texture left some¬ 
thing to be desired but this defect was 
not pronounced in Georgia and Florida. 
In greenhouse work a large number of 
plants of the susceptible Klondike were 
grown in wilt-infested soil; 12 plants out 
of 2790, or less than 1 percent, lived, and 
but a single strain was obtained with a 
high resistance which was inferior in 
quality to Klondike R 16. Porter next 
tried hybridizing commercial Klondike 
and the inbred Klondike lines initiated 
by the late Dr. J. T. Rosa with the re¬ 
sistant Conqueror, Pride of Muscatine, 
Iowa Belle and Iowa King, of which Iowa 
Belle proved to be the most valuable 
parent. From the cross Klondike x Iowa 
Belle came “Klondike R 7’^ which was 
distributed to California growers when in 
its Ft generation; in addition to wilt-re¬ 
sistance, both Klondike R 16 and Klon¬ 
dike R 7 possess a higher sugar content 
than commercial Klondike (35). With 
their release the problem of controlling 
Fusarium wilt of watermelon in Cali¬ 
fornia was licked. 

In Florida the problem has not been so 
easy of solution, and today the melon 
growers have no wilt-resistant variety 
that they like and will use. As soon as 
Walker realized that his Leesburg was 
not liked, even though highly resistant to 
wilt, he crossed it with Hawkesbury. 
Both parents being resistant to Fusarium 
wilt, it was possible to select for horti¬ 
cultural characters in the second genera¬ 
tion. By 1942 the new variety, the Black¬ 
lee, a long, relatively large (25-30 
pounds), dark green, faintly grooved 
melon with seeds that appear to be jet 
black when wet but on drying show them¬ 
selves to be densely stippled with black. 
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a character rather unusual in water¬ 
melons, of superb quality, and 70 to 75 
percent resistant to wilt, was released to 
f?rowers; in 1944 came the official descrip¬ 
tion (51). Sometime prior to 1937 there 
appeared on the watermelon scene a 
variety which has been variously termed 
Cannon Ball, Florida Giant, Clara Lee, 
Black Diamond, etc., a short-round to 
round, thick-rind, faintly to markedly 
grooved, rather large (30-40 pounds), 
dark-seeded variety of marked earliness, 
a feature which endears it to growers in 
Florida and elsewhere in the southeast¬ 
ern States. In comparative tests. Can¬ 
non Ball, as it is most generally termed 
in central Florida, will outperform Tom 
Watson, Dude Creek, Dixie Queen, Gar¬ 
rison, Leesburg and Blacklee by seven to 
14 days, depending on the season. The 
Blacklee seems to be at its best in seasons 
of low rainfall, perhaps because of its 
wilt-resisting character, but year after 
year the Cannon Ball, which does not 
sunburn as easily as Blacklee, is pre¬ 
ferred, though there is no question but 
that the Leesburg x Hawkosbury prog¬ 
eny is superior in quality of flesh. In 
1947 less than 100 a(*res of Blacklee were 
planted in Florida. Elsewhere Blacklee 
is liked, and its high quality and wilt re¬ 
sistance are used by growers in the Caro- 
linas, Virginia, Maryland, Missouri, 
Oklahoma, Arizona, Texas and other 
States. 

Other wilt-resistant varieties, still un¬ 
released, were developed by Walker out 
of the Leesburg x Hawkesbury cross, the 
Brownlee, and the Improved Leesburg, 
which resemble the Blacklee except for' 
the brown seeds of the former and white 
seeds of the latter, and the unnamed 124- 
402-019 which favors the skin-color of 
the Hawkesbury. These three varieties, 
like Blacklee, are late maturing as com¬ 
pared with Cannon Ball. In this connec¬ 
tion it may be interesting to report value 
from selection within an apparently pure 
line. The Brownlee, already breeding 


true by 1941, was continued to be inbred 
for two more years, and in 1943 several 
selections were made by a foreman un¬ 
familiar with the oft quoted remark, 
‘‘selection within a pure line is time 
wasted^’. Thi» man, Mr. Loren H. 
Stover, made his selections on the basis of 
quality and size, but in each case the in¬ 
dividual melons happened to be among 
the first maturing in the field. So, in 
1945 there were three strains of Brown¬ 
lee in the Leesburg melon collection, the 
original and two selections from it. All 
three were planted in 1945 by the Avritcr, 
then new at the Leesburg laboratory, in 
order to familiarize himself with the 
melon-breeding records. Both selections 
are earlier maturing than the original 
Brownlee which has been discarded, and 
the present Brownlee consists of bulking 
of the two selections. This laboratory is 
now determining whether the Blacklee is 
a “pure’’ line for earliness or whether 
an improved strain van be obtained by 
selection for this “character”, for there 
seems little doubt that an early Blacklee 
would be a(iceptable to Florida growers 
who some day will have to plant wilt- 
resistant varieties. 

In 1942 the Georgia Experiment Sta¬ 
tion introduced their Georgia Wilt-Bo- 
sistant melon, developed by van llaltern 
(45) out of the cross Cuban Queen x 
Iowa Belle, which in general external ap¬ 
pearance resembles Stojie Mountain. 
The chief objection to the variety is its 
small size as compared with the larger 
Cannon Ball. A second selection of van 
llaltern’s is his Georgia Wilt Resistant 
No. 2 which looks more like a pumpkin 
than like Stone Mountain, but it is by far 
the sweetest melon grown, with the ex¬ 
ception of the Klondikes. The rind is 
thin and cracks easily in wet weather. 
Epps (8) more recently has released the 
wilt-resistant variety Miles, developed at 
the Tennessee Agricultural Experiment 
Station from material sent there from 
the Mississippi Agricultural Experiment 
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Station in 1942. The Miles originated 
from the cross Dixie Queen x Klondike; 
it is oblong, green with darker green 
stripes, with a tough rind, white-seeded, 
25-35 pounds in size. Another melon 
variety is the wilt-resistant Dixie Queen 
which the writer tested at Leesburg in 
1947 and found to be about as resistant 
as the Blacklee, but which was less re¬ 
sistant at Charleston, S. C.^ This wilt- 
resistant Dixie Queen is said to have 
been found in Nebraska about 1943 and is 
being commercialized by Otis S. Twilley, 
grower of watermelon seed at Salisbury, 
Maryland. In 1946 the variety was 
planted by Mr. W. II. Thomson, seed 
grower, of Lloyd, Florida, on wilt-in¬ 
fested land where it showed a high degree 
of resistance. 

At Charleston, S. C., in the Regional 
Vegetable Breeding Laboratory of the 
United States Department of Agricul¬ 
ture, research developing anthracnose- 
and Fnsarium wilt-resistant melons has 
been under way for a number of years 
under the joint direction of C. F. Poole 
and C. F. Andrus, and lately of Andrus 
alone. To date no publication has been 
forthcoming on their results, but this 
writer, and ])0ssibly others, has re(*eived 
seeds of segregating material for trial. 
At Charleston has been attempted the 
production of wilt-resistant Garrison and 
Dude Creek varieties, using Leesburg and 
Hawkesbury as resistant ])arents. 

Physiologic Strains of Fusarimi, 
While it was thought for a time that dif¬ 
ferent physiologic forms of the wilt fun¬ 
gus must exist (39, 40), since the Con- 
(pieror variety was not resistant in all 
melon-growing areas, present ideas are 
that pathogenic variation among strains 
of F. oxysporum f. nivenm probably has 
not been, to date, a serious factor in the 
Personal correspondence with Dr. F. S. Jami¬ 
son, Horticulture Department, Florida Agricul¬ 
tural Kx])eriment Station, Gainesville, Florida, 
and Dr. C. F. Andrus, Regional Vegetable Breed¬ 
ing Laboratory of the United States Department 
of Agriculture, Charleston, S. C. 


breeding programs undertaken (34). It 
is significant that Walker (46, 48, 51), in 
his development in Florida of the Lees¬ 
burg and Blacklee varieties, does not re¬ 
port the use of isolates of the wilt fungus 
from other States, yet both varieties are 
wilt-resistant wherever tested. Sleeth 
(40) has shown, and Bennett (2) has 
confirmed, that the amount of wilting 
produced by a given strain of the Fusar- 
ium is not always uniform when tested 
against different varieties of watermelon. 
The cause of miiskmelon wilt {Fnsarium 
oxysporum f. melon is Sny. and Hansen) 
is said not to attack watermelon, nor 
does the watermelon pathogen attack 
muskrnelon (10), but rec^ently Hendrix 
ct al. (9) report that some isolates from 
wilted muskmelon plants can cause pre- 
emergence killing and wilting of water¬ 
melon seedlings, and some isolates of 
watermelon parasitize muskmelon. In 
general, the virulence of an isolate was 
great(‘r on its original host than on the 
second host plant, but several isolates 
from watermelon caused a more severe 
reduction in stands of muskmelon than of 
w^atermelon. 

Inheritance of Resistance. Until re- 
(rently it was thought that resistance to 
Fnsarium wilt is inherited as a recessive 
character, since Fi plants become dis¬ 
eased when gi'own on wilt-infested soil. 
Segregation of resistance and suscepti¬ 
bility takes place in the F.^ generation, 
but no one has obtained clear cut or 
established ratios (2, 19, 25, 30, 48). In 
these instances wilt resistance was ob¬ 
tained from a citron (e.g., Concpieror) 
or from the progeny of a citron x water¬ 
melon {e.g., Iowa Belle or Iowa King). 
First clue that wilt resistance might be 
inherited differently was found by Welch 
and Melhus (52) who crossed resistant x 
susceptible watermelons and discovered 
that the Fi progeny were not always 
susceptible to wilt. In one cross, Dixie 
Queen x (Iowa Belle x Jugoslavia 7 x 
Iowa Belle), the Fi were 70 to 85 percent 
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resistant, and in two other crosses, 
(Japan 7 x Thurmond Grey and Japan 
7 X Dixie Queen) the Pi were 80 percent 
resistant. In ten other crosses the re¬ 
sistance ranj^ed from 50 percent to zero 
with the susceptible parent prrown as a 
cheek dyin^ 100 percent. Resistance 
is considered by some to be multifactorial 
(2, 34; unpublished data by Walker), 
and because of difficulties incident to this 
fact no wholly immune or 100 percent 
resistant variety of watermelon is yet 
available. The hijrhest dep:ree of re¬ 
sistance seems to be 75 to 80 percent. 
However, under ordinary field conditions 
of wilt infestation this is practically 100 
percent, as a considerable number of seed 
are planted and by the time the plants 
are thinned, most of the susceptible in¬ 
dividuals are dead or dyinj?. Were re¬ 
sistance due to a sinjrle factor which is 
inherited as a recessive, then complete 
resistance should be found in the im¬ 
mediate profreny of a selfed plant of a 
commercial variety that withstood the 
fungus. No such case has been reported. 

No close linkajre exists between re¬ 
sistance to Pusarium and flesh color, 
fruit shape or color of seed (2). 

Measuring Wilt Resistance. Tt was 
realized early in the development of wilt- 
resistant watermelons that information 
rejrardinjr infection by the fungus was 
inadequate. More had to be known of 
the symptoms associated wdth wilt, how 
to reproduce the disease, and how" to test 
the wilt resistance when obtained. Such 
questions arose as: ‘*Are results in the 
greenhouse comparable to results ob-’ 
tained in field tests T ’ ‘ ‘ How^ many seeds 
should be planted in a hill?’’ ^‘In a 
pot?”, and so on. 

Smith (43), Taubenhaiis (44) and 
Orton (19), the pioneers in watermelon 
wilt studies, all described the symptom 
” wilting”, but it remained for Porter 
(26) to show that the fungus also could 
cause seedling wilt, seedling rot, dainp- 
ing-ofl^^ stunting and root canker, also 


leaf chlorosis and a shortening of the 
internodes of diseased vines accompanied 
by excessive blossoming at the ends of the 
runners (30). The fungus was found to 
grow best on artificial media at 24° to 32° 
C., with a minimum below 12° C., and a 
maximum above 25° C. (26), and various 
strains give good growth on agar between 
20° and 33° C., but 26° to 28° C. is most 
favorable (48). In the field mature plant 
infection is greatest when the soil tem¬ 
peratures are 22 to.27° C., with seedling 
rot most severe at 16° to 18° C., and seed¬ 
ling wilt most severe at 25° to 28° C. 
(30). Greenhouse studies (48) revealed 
that infection of watermelon br of citron 
takes place between 21.5 and 30° C., with 
27° C. the most favorable; seeds rot w^hen 
the soil temperature is f8.5° C. 

A number of investigators have at¬ 
tempted to measure relative resistance of 
varieties and hybrids in the seedling 
stage in the greenhouse (2, 30, 34, 40, 
48, 58), but to date the techniques used 
and the results obtained are not accurate 
enough to be dependable, even though 
they show general agreement. Often, 
w'hen melon seeds are planted in na¬ 
turally wilt-infested soil, such organisms 
as Pyihium sp}). and the root-knot nema¬ 
tode {IT. marioni), produce, with the 
Fusarium, an infection complex which is 
difficult to separate into its component 
parts. If steamed, later Fusarium-in- 
fested soil is used, virulence may be many 
times as great as would occur in nature. 
These data are inadequate to give us a 
clear picture of the nature of the in¬ 
heritance of resistance to wilt. Infection 
in the greenhouse has been obtained by 
the use of infested soil (26, 30, 46, 48, 
58), by means of spore suspensions of 
the fungus injected with a hypodermic 
needle into the hypocotyl (26), and by 
insertion of mycelium into wounds (26). 
The fungus has been recovered from 
primary, secondary and tertiary roots, 
from stems, petioles, leaves, peduncles, 
and melon flesh and seeds of infected 
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plants; unfortunately supposedly im¬ 
mune citron vines also have yielded a 
fungus pathogenic to watermelon, and 
from the vascular system of outwardly 
healthy watermelon vines the fungus can 
be cultured (26). With wilt-resistant 
varieties that have borne abundant fruit, 
if individual plants are examined care¬ 
fully, 100 percent internal infection can 
be detected, yet such plants outwardly 
appear healthy, and self-fertilized seed 
from them will produce resistant plants. 
If a runner of a plant growing in wilt- 
free soil is induced to root in infested 
soil, only that portion beyond the new 
roots manifests infection. Again, if a 
runner is rooted in wilt-free soil while 
the main root system is in infested soil, 
the rooted runner may remain healthy 
(34). 

Porter (30) found that inoculum was 
effective when mixed with steamed soil 
at the rate of 2 ;700 grams. The soil con¬ 
sisted of a mixture of two parts bench soil 
and one part river sand, steamed three 
times at 25 ])ounds for three hours on 
alternate days. One half pint of this 
soil is placed in a four-inch pot, and two 
grams of finely powdered inoculum of 
the fungus applied in a thin layer at the 
soil surface. The pot is then filled to 
within one iiudi of the to]). Twenty-five 
surface disinfected seeds are ])lanted and 
covered with steamed soil. Walker (46, 
48) grew plants in the greenhouse and in 
the field in naturally and in artificially 
infested soil. In greenhouse work steri¬ 
lized soil was infested with the wilt or¬ 
ganism by mixing with the surface three 
inches of soil, in pots or cans, approxi¬ 
mately a teaspoonful of agar cultures 
macerated with clean sand, or by adding 
a heavy spore suspension of the organism 
from steamed oat cultures, or by filling 
the upper third of the containers with soil 
mixed with sand-cornmeal cultures of the 
wilt fungus. The sand-cornmeal mixture 
was made up of equal volumes of sand 
and cornmeal moistened with tap water. 


The mixture, after cooking in an Arnold 
sterilizer for half an hour, was rolled into 
small balls about } inch in diameter and 
placed in quart Mason jars to about two- 
thirds their capacity. After pressure 
sterilization the jars were inoculated 
with small quantities of a spore suspen¬ 
sion of the wilt organism, and incubated 
two weeks at room temperature. Plants 
were observed in the greenhouse for 20 
to 30 days, taking daily records on the 
development of wilt. In the field Walker 
reports that one or more applications of 
a handful of heavily infested soil to each 
hill insures good infection; plants were 
counted frequently during their growth 
until maturity, and a final check was 
made at the end of each season by cutting 
surviving vines and examining for wilt 
infection (46)The number of seeds 
planted per pot and the number of seed¬ 
lings crowded into a hill can affect the 
number that die from wilt; the greater 
the number, the more that die, then the 
lower the ai)parent percent resistance 
(34). Wilson (58) modified the Iowa 
method (30) for greenhouse testing of 

Kecont corrospoiidcMice from Dr. M. N. 
Walker has this to say: “Since absolute im¬ 
munity is rare, it is possible that there may be 
degrees of resistance, that is, a quantitative re¬ 
sistance. This may be determined by the num¬ 
ber of genes directly affecting resistance or to 
indirect effects arising from genes affecting 
general vigor of the plant or specific response 
to environment. During my exy)erience in Decs- 
bnrg when I cut many roots at the end of the 
season, it was observed that survival could not 
be the final criterion. That is, the condition of 
the plants that survived was important. Two 
strains showing the same numerical survival 
show'ed marked differences in the ap])arent in¬ 
jury as judged by the evidence of infection in 
the cut roots. The word ‘ tolerance ’ is a danger¬ 
ous one, but it is conceivable that relative vigor 
of two strains might result in one being able to 
survive an attack that would kill or seriously 
injure the other. This also involves a time 
factor and during several years I observed the 
seeming recovery of poor plants that hung on 
until extreme temperatures inhibited the fungus. 
Such plants would regenerate roots in the sur¬ 
face soil after the deeper roots had rotted off 
completely ^ ^ 
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wilt resistance by planting five seeds of 
the meloni whose wilt-resistance was de¬ 
sired and an equal number^ of a *wilt- 
suseeptible variety in opposite sides of 
a four-inch clay pot, in steamed soil, in 
duplicate or triplicate. A level teaspoon¬ 
ful of wilt-infested soil is previously 
stirred into each pot at the one-third 
level. The soil inoculum is prepared 
from steamed soil later heavily dosed 
with a mixture of Fusarinm cultures in 
which susceptible plants have been grown 
until all wilted. The seedlings are 
counted at emergence, six to nine days 
after planting; the wilting plants, at one 
to four day intervals, removing the dis¬ 
eased individuals as observed. Wilson 
believes that a greenhouse technique for 
testing resistance applicable to one re¬ 
sistant variety may not be equally usable 
with another variety. Tn the field the 
initial stand is considered established 
after thinning when taking data on wilt 
resistance, ignoring plants that can die 
soon after emergence, which may be 
caused by Tthizoctonia, Colletofrichnm or 
even Pifthiuni. 

To answer (juestions as ‘‘Why do in¬ 
fected seedlings in either the field or 
greenhouse appear healthy just a few 
liours before sudden wilting and 
deathor “Why do older plants in the 
field suddenly die, appearing as though 
cut off at the soil surface V\ Porter (29) 
showed that the external conditions of 
the eiivironiiieiit that determine the rate 
of transpiration from leaves and the rate 
of evaporation from atmometer cups ap¬ 
pear to influence the rate of wilting.' 
Variation in the rate seems to depend on 
variations in the factors that influence 
transpiration, viz., combinations of in¬ 
creased light intensity, abrupt or sus¬ 
tained rise in air temperature, low rela¬ 
tive humidity, etc. The findings of 
Wilson (58) seem to indicate that a sus¬ 
ceptible variety wilts because its plants 
cannot obtain enough water to compen¬ 
sate for^ that lost through ti‘anspiration, 


as the wilt fungus has congested the 
xylem tracheae and smaller vessels of 
seedlings with mycelium, and of plants 
40-90 days old witk giim-like materials 
and tyloses, in addition. Wilted seed¬ 
lings can be induced to recover by plac¬ 
ing them in a moist chamber where no 
further symptoms develop. Bennett (2) 
believes that wilt-resistance is a measure 
not of the failure of the fungus to enter 
a melon plant via the root tips and 
ruptures formed by newly emerged 
lateral roots (58), but of the inability of 
the fungus to develop sufficiently to 
produce the afore-mentioned plugging of 
the xylem tracheae. Older resistant 
plants withstand attacks of the wilt 
pathogen that are fatal to seedlings, ap¬ 
parently because a defense mechanism 
has had time to develop. Just what this 
defense mechanism is, Wilson (58) docs 
not elaborate. Possibly the greater root- 
system of the older plant is involved. 

Seed Production Of Wilt^Eesistant 
Varieties. As indicated, wilt-resistant 
varieties are not immune; at best they 
are only 70 to 80 percent resistant. If 
growers attempt to produce seed on wilt- 
free soil or on infested soil oj\ which the 
production of wilt is not certain, as is 
said to occur in the lieavy soils of w^cst 
Florida and Georgia, some plants of low 
resistance will mature a seed crop and 
also will cross with plants ordinarily re¬ 
sistant. Because resistance is inherited 
as a recessive character, any seed from 
these susceptible plants, or any seed from 
resistant plants that result from fertiliza¬ 
tion by pollen from the susceptible 
plants, will produce susceptible progenies 
in the next crop. Thus growers will re¬ 
ceive the impression that resistance is not 
fixed and that the resistant variety is 
“running out’^ or “going back^’. Seed 
producers should locate infested soil, 
on which wilt is expressed, for reproduc¬ 
tion of wilt-resistant varieties. 

Anthracnose. Anthracnose, caused 
by the fungus Colletotrichum lagenarium 
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(Pass.) Ell. and Hals, is the worst disease 
of watermelons in the United States and 
is found almost everywhere that melons 
are grrown, with the possible except ion of 
California, and its seriousness can be 
realized from the figures of 20 to 30 per¬ 
cent loss reported from some States. It 
is especially serious and destructive in 
the southern States; in Florida it causes 
more loss than all other diseases of water¬ 
melon combined, and seldom a season 
passes without it’s being: a controlling: 
factor in production. Anthracnose can 
be controlled by timely applications of 
fung:icide, either by spraying or by dust¬ 
ing, using the old standards, Bordeaux 
mixture or copper-lime dust, but ma¬ 
terials such as Dithane, Tri-basic Copper, 
Zerlate, Formate, etc. do a better job. 
The correct time to apply a fungicide still 
remains to be worked out, and growers 
(*ould save money by the initiation and 
development of an anthracnose-forecast- 
ing service to give accurate information 
on when to apply the necessary fungicide. 
Downy mildew could be included in this 
forecasting service. 

Investigators have been considering 
the possibility of producing anthracnose- 
resistant watermelons since 1931 when 
Layton and Wilson (14) reported that 
low^a Belle seemed to show less anthrac¬ 
nose injury in the greenhouse and field 
than Iowa King or Pride of Muscatine; 
Sherbakoff (38) recently has found that 
Iowa Belle, Iowa King and Pride of 
Muscatine are more susceptible to an- 
tliracnose in Tennessee than Stone Moun¬ 
tain. Later, Porter and Mellms (30) 
mention that Kafir and White seeded 
citrons possess some resistance, suggest¬ 
ing that this might be inbred with water¬ 
melon. In 1937 Layton (15) published 
that Red Seeded, Kansas Stock and 
Large Striped citrons were more anthrac- 
nose-susceptible than Kleekley Sweet, 
while the Colorado Preserving, Preserv¬ 
ing and Green Seeded citrons were re¬ 
sistant. In addition, five varieties of 


African watermelon, two inedible and 
three edible, obtained from the Reverend 
Rush F. Wagner, Old Umtali Mission, 
Umtali, South Africa, possessed the 
‘‘R+” type of resistance wherein infec¬ 
tion is limited to small lesions resembling 
mechanical wounds accompanied by little 
or no injury, which Layton considered to 
be the only plant reaction usable for the 
development of resistant varieties. No 
similar reaction was found in the wilt- 
resistant selections out of Kleekley Sweet 
and Conqueror in the melon collection at 
Ames. The African melons wTre wilt- 
susceptible, but their seed and leaf char¬ 
acters were similar to those of commercial 
varieties. The three edible strains, 
Africa 8, Africa 9 and Africa 13, were 
crossed to the wilt-resistant Iowa Belle 
and Iowa King, and by greenhouse in¬ 
oculation with anthracnose the Fi w^ere 
found to be resistant, that is, resistance 
w^as dominant over susceptibility, and 
segregation in the Fg and in the Fi back- 
cross suggested that a single factor pair 
for resistance or susceptibility was in¬ 
volved.*^ Layton used the lesions pro¬ 
duced on the hypocotyl of young melon 
seedlings as his index of susceptibility or 
resistance, and showed further that leaf 
infection did not take place if the tem¬ 
perature was 15° C. or lower, while above 
18° C. the infection was severe. Plants 
inoculated and held at the lower tem¬ 
peratures developed lesions later on the 
hypocotyl at ground level. Segregating 
Fa plants were grown in the greenhouse, 
and those individuals resistant to an¬ 
thracnose were transplanted to Fusarium 
wilt-infested soil. Surviving plants were 
then crossed on the wilt-resistant Klon¬ 
dike, Stone Mountain and improved 
Kleekley Sweet No. 6 to improve the 
quality. In 1947 the low^a station re¬ 
leased their variety Black Kleekley, a 
cylindrical melon with very dark, almost 
black rind, and white to light tan seeds, 
resistant to anthracnose and Fusarium 
wilt. Unfortunately the variety was re- 
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leased while still segregating for seed 
color, and seed lots received at Leesburg 
showed a low percentage of black seeds. 
In Florida in 1947 the melon was late to 
mature, later than Blacklee, of good 
quality and showed a fair degree of re¬ 
sistance to anthracnose; its wilt resist¬ 
ance was not tested. The Black Kleckley 
is too small, 14-18 pounds, to serve as a 
shipping melon for Florida or (Georgia. 

In 1936 Layton sent four of his an- 
thracnose-resistant melons with African 
ancestry to Walker at Leesburg, who 
grew the strains on wilt-infested soil. By 
1941 there were a number of strains 
showing high resistance to wilt, differing 
in such physical characters as shape and 
size of melon, but all possessing light tan 
colored seed. Their quality was only 
fair, but they were anthracnose-resistant. 
In 1942 six crosses were made at Lees¬ 
burg to combine this resistance with the 
wilt resistan(*e and high quality of the 
Blacklee and other unnamed melons of 
this type, and with an unnamed wilt- 
resistant and high quality but undesira¬ 
bly small melon of the Cannon Ball type. 
The Fi received preliminary testing for 
ajnthracnose resistance in the greenhouse 
in the late summer and fall of 1942, and 
findings were rather unexpected for 
plants seemed to be susceptible to the 
disease*^. In 1943 and 1944 there was no 
plant pathologist at the Leesburg labora¬ 
tory, and the progenies of the six crosses 
were studied in the field on Fusarium- 
wilt-infested land and purity of the lines 
maintained by selfin g, but they received 
no further greenhouse testing for an-' 
thracnose resistance until after the 1945 
growing season when the writer inocu¬ 
lated strains that had been selected, 41 
in number. No resistance was found. 
The parental stocks carrying the anthrac¬ 
nose resistance also were tested and 
found to continue to possess the resist¬ 
ance described as “Rfby Layton (15). 
At that time it was considered strange 

* Verbal statement to the writer by Dr. M. N. 
Walker, December 1947. 


that disease resistance was lacking, and 
this lack was attributed to the type of 
selections made in the field in 1943 and 
1944 when quality had been emphasized 
while resistance was neglected. Since 
only one of the 41 lines has proved to be 
as early as the Blacklee, the others have 
been discarded. 

The crosses made in 1942 to combine 
anthracnose resistance and the high qual¬ 
ity of the Blacklee were repeated in 1946, 
and, in addition, several lines resistant to 
anthracnose and Fusarium wilt, received 
from the U. S. Regional Vegetable Labo¬ 
ratory, S. C., were employed as parents. 
The Fi were grown in the field in the 
summer and early fall at Leesburg, on 
land treated with D-D mixture (20) to 
eradicate the root-knot nematode, Heter- 
Oder a marioni (Cornu) Goodey. All 
y)lants showed susceptibility to anthrac¬ 
nose, which was contrary to the afore¬ 
mentioned report (15) that resistance 
was inherited as a dominant character. 
Fa seed was planted in the field in 1947 
and anthracnose was abundant; little re¬ 
sistance appeared, and inoculation in the 
greenhouse (August and September, 
1947) showed not only that all lines were 
highly susceptible to anthracnose, but 
also that all parental material, formerly 
resistant, was now susceptible. Further 
tests, which will be reported in detail 
elsewhere, indicate the existence of more 
than a single physiological form of Col- 
Jetotrich um Uujenarium. 

Dolan (7) studied a melon variety, the 
McCrea, referred to as “anthracnose re¬ 
sistant”, which he used as parental ma¬ 
terial in inheritance studies on two melon 
anthracnose diseases caused by Colleto- 
triehnm lagenarinm and Marssonina 
melonia n. sp., respectively. The McCrea 
was resistant to *Colletotrichum but sus¬ 
ceptible to Marssonina, and all plants of 
the segregating backcross and F 2 prog¬ 
enies had medium-to-severe infection 
with Colletotrichum. Most of the plants 
in each progeny were severely affected, 
and no definite resistance ratios were dis- 
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ceriiible. If resistance were dominant, 
as Layton (15) believed, these results are 
not easy to understand. 

Mosaic. Porter and Melhiis (30) 
found that edible watermelon varieties 
are hijrhly resistant, if not immune, to 
mosaic, but that the red seeded citron is 
susceptible. They crossed the inedible 
Kafir, White Seeded, Majorta, Mammoth 
White, Stock and Preservinj*: Citron with 
five watermelon varieties and found that 
the Fi were hij?hly susceptible to the 
disease. When White Seeded and Kafir 
were used as parents the Fa were less 
susceptible than when the others were the 
parents. Walker (47) recorded the first 
natural occurrence of mosaic. 

Root Galls. Walker (50) found <»:alls 
on the roots of citron plants and also on 
the F*! of (U'osses of watermelon on citron. 
No causal a^ent was associated with the 
cnlarj?ements, and their nature is im¬ 
perfectly understood. 
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Utilization Abstract 


Chemurgic Utilization of Wood. 

Wood consists of about 80% cellulose and 
20% lignin, and the various processes em¬ 
ployed in the conversion of it into a variety 
of products may be summarized as follows: 

Paper Pulp: subjection of wood to the 
action of chemicals, such as sulfite or soda 
liquor, that react with and dissolve the lignin 
but have no effect on the cellulose fibers, 
produces the fibrous pulp. 

Sugar and Alcohol: chips, sawdust or 
shavings of almost any species of wood sub¬ 
jected to the action of steam at 150 to 200 
pounds per square inch pressure while dilute 
sulfuric acid solution is i>ercolated through 
the bed of finely divided wood for three to 
fohr hours results in the cellulose of the 
wood being converted into hexose and pentose 
sugars, principally glucose, or dextrose, the 
sugar normally present in corn syrup and 
honey. This process, sometimes called ‘‘wood 
saccharification’’, since it results in the for¬ 
mation of sugars, is essentially hydrolysis of 
cellulose under the catalytic influence of sul¬ 
furic acid. “The acid solution containing 
sugars produced by the action of water on 
the cellulose is continuously removed from 
the digester. At the tiid of the reaction the 
digester contains the lignin residue from the 
wood, which is washed free of sugars Avith 
Avater. These Avashings are added to the 
sugar solution removed during the digestion, 
and this solution is then treated to neutral¬ 
ize the acid, after which it is fermented to 
produce alcohol. 

“In processing a ton of wood in this man¬ 
ner about 1,()()() pounds of sugars and 600 
pounds of lignin will be obtained. The sug¬ 
ars can be converted by fermentation into 
about 50 gallons of alcohol and 375 pounds 
of yeast fodder. The latter contains 55 to 
60 per cent protein that can be used as the 
sole source of protein in animal feeds. The 
ethyl alcohol produced in this manner is the 
same that is obtained from fermentation of 
grain or molass<»s”. 


Lignin. “The lignin residue from the hy¬ 
drolysis process is compounded with various 
synthetic resins to produce moulding com¬ 
pounds from which plastic articles . . . are 
made. Fillers, such as wood flour, have been 
employed for this purpose, but by using tin* 
lignin residue from the hydrolysis process, 
the amount of synthetic resin (Avhich is the 
more expensive ingredient of the moulding 
compound) can be materially reduced because 
the lignin filler itself acts as a resin ex¬ 
tender”. Such lignin plastics are suitable 
for battery boxes and other acid-containing 
articles. Because the lignin thus used “is a 
by-product Jrom the production of the main 
product, alcohol, its price can be much lower 
than that of many of the other plastics man¬ 
ufactured at the present time”. 

“Plastics are also made from the lignin ex¬ 
tracted from wood in the pulping process”, 
and “some of the other uses to which lignin 
from pulping process has been put are: a) 
production of water-resistant adhesives for 
bonding plywood veneer, by reacting the 
lignin Avith amines or phenols; b) as corro¬ 
sion inhibitors; c) as a flotation agent; and 
d) in production of ion exchange resins for 
water softening”. 

Improved or Transmuted Wood. By cut¬ 
ting AA^ood into “veneer, and reassembling 
the thin sheets so that in every other layer 
the grain is at right angles to the direction 
that it is in the layers adjacent to it, and 
sealing the sheets to one another by applying 
glue between the surfaces, a panel is formed 
Avhich does not shrink and swell like ordinary 
Avood as humidity varies. The tendency of 
a layer to swell in Avidth is restricted by the 
adjacent layers whose grain runs in the op¬ 
posite direction. Such a construction has 
come to be known as plywood”. 

The original non-water-resistant glues used 
in making plywood have been replaced by 
Avater-resistant synthetic resins, the most 
widely used of which is phenolformaldehyde, 
or phenolic resin. “This resin is made by 
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reacting phenol (carbolic acid) with formal¬ 
dehyde (embalming fluid). To produce this 
resin the two ingredients are mixed in the 
desired proportion, a small amount of am¬ 
monia or sulphuric acid is added to catalyze 
or initiate the reaction, and the mixture 
heated. As heating is continued the reaction 
forms a thick, syrupy, amber colored phe¬ 
nolic resin. Tf this resin is heated for a 
time at about 300 degrees F it sets up into 
the hard, insoluble resin or plastic known as 
Bakelite. 

“In making up plywood with phenolic 
resin the syrupy liquid just described is 
either spread on the surface of the })lies 
with a glue spreader or strips of tissue im¬ 
pregnated with the syrupy resin are laid be¬ 
tween the plies and the assembly placed be¬ 
tween the platens of a hydraulic press at 
about 300 degrees F. and a pressure of 100 
to 200 pounds per s(juare inch applied. The 
pressure causes some of the resin to flow 
from the glue line into the wood to a depth 
sufficient to give a very strong bond when 
the heat has set it up Into the hard product 
Bakelite; in fact the flnished glue line is 
stronger than the wood itself”. 

“Synthetic resin bonded plywood was ex- 
'tensively used in the recent war for the pro¬ 
duction of aircraft, boats, and other military 
equipment as well as in buildings such as air¬ 
craft hangars and warehouses. By laminat¬ 
ing and bonding with synthetic resins, 
immen.se integral beams of complicated de¬ 
sign can be built up from relatively small 
pieces of wood. Wherever this resin bonded 
plywood has betm used with proper regard to 
its limitations its performance has been ex¬ 
cellent”. 

But water-proof glue lines do not mean 
water-proof panels, for, while the alternate 
cross-grain construction of such panels re¬ 
stricts shrinkage and swelling, changes in 
moisture content develop such tremendous 
stresses in the sheets of wood that the panels 
break down, not at the glue lines but in the 
wood itself. This has been overcome by im¬ 
pregnating the sheets of veneer with the 


resin—not merely applying the resin as a 
coating between the plies—and then con¬ 
verting the sheets into a hard plastic by heat¬ 
ing. Wood built up of such impregnated 
sheets is known as “Inipreg^’. 

“Subsequently it was found that wood 
completely penetrated by the resin could be 
compressed to as little as one-third of its 
original thickness and when the resin had set, 
the panels could be removed from the presses 
without losing their highly densified condi¬ 
tion, even when placed in boiling water. . . . 
The resin impregnated, laminated wood ma¬ 
terial that has been made super-hard by com¬ 
pressing it permanently to less than its nat¬ 
ural thickness is called “Fompreg”. It will 
take up less than five percent water even 
when boiled in it”. 

“By means of resin impfegnation and den- 
siflcation even inferior grades of wood can 
be made to surpass any of the highest grades 
of natural woods in strength and other prop¬ 
erties. One field in which resin impregna¬ 
tion is used to impart special projx^rties to 
wood is that of the textile industry. Here¬ 
tofore these special projierties have been ob¬ 
tained by selecting certain species of wood 
that through experience* had been found to 
possess them. For exanqile the bobbins used 
in the textile industry have largely been 
made of dogwood or hard maple, but be¬ 
cause of the slow rate of growth of these 
species the available supplies are being 
rapidly depleted. By use of resin impieg- 
nation techniques it has been found possible 
to impart the desired properties to other 
species of wood whose growth rate is suf¬ 
ficiently rapid to assure a continuing sup- 
ply”. 

“So far Impreg and Compreg have found 
use in war materials in such applications as 
sj>ai*s, aircraft carrier decking, antennae 
masts, panels, bomb bay doors, expendable 
wing tanks, pontoons, propellers, and instru¬ 
ment panels in aircraft, and special applica¬ 
tions for decking and paneling in boats. 
Peace-time uses include .such items as mar- 
resistant and waterproof table tops, high 
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^raclt* furniture, spindles and bobbins for 
textile plants, electrical panels, and handles”. 
(M. S. Hudson, Chemnrgic Digest 7 (S): 7. 
1948). 

Hyoscine and Hyoscyamine. “One 
plant drug which was in short supply in all 
Allied countries during the recent war was 
the alkaloid hyoscine. This drug, which in 
larger doses is beloved by fiction writers as 
an obscure killing agent, was previously 
mainly used in association with morphine at 
childbirth and as an hypnotic agent in cei’- 
tain mental disorders. As the war pro¬ 
gressed the demand for hyoscine rose to un¬ 
precedented levels as it was found to be of 
great value in the treatment of “bomb shock” 
and other war neuroses. Extensive experi¬ 
ments made in eonnoetion with the problem 
of motion sickness in seaborne troops re¬ 
vealed that hyoscine was the best drug avail¬ 
able for alleviating the condition, and it was 
used fi'eely 1‘rom the Normandy invasion on¬ 
wards. 

“The small pre-war demand for hyoscine 
\cas easily met by reclaiming the alkaloid 
from the mother liquors after hyoscyamine 
(the chemical source of atropine) was ex¬ 
tracted from the leaves of the belladonna 
plant (Atropa Belladonna) y or directly from 
other s))(*cies of the Solanaceae, in Datura 
or Hgoscffamusj in which it occurred in small 
amounts. ‘ However, ])ractically all the raw 
plant material had come from the European 
continent, and this, combined with the in¬ 
creased demand, resulted in an acute supply 
problem. 

“It had long been known that the leaves of 
a tree of the potato family (Solanaceae), in¬ 
digenous to Australia and New Caledonia, 
popularly known as “corkwood” on account 
of its spongy cork-like bark, and scientifi¬ 
cally as Dahoisia mgoporoides, contained a 
complex of alkaloids with physiological ef¬ 
fects similar to those of atropine. As a re¬ 
sult of the wartime emergency, interest in 
the species, as well as in that of a second 
member of the genus, D, Leichhardtii, was 


re-awakened. The Australian Council for 
Scientific and Industrial Research, working 
in CO operation with the Universities of Syd¬ 
ney and Melbourne, began an investigation 
and discovered that not only did hyoscine oc¬ 
cur in the leaves of certain types of both 
species, but that it did so in concentrations 
four or five times as great as had been found 
in any other plant. As a result of intensive 
laboratory and field tests a commercial firm 
was soon producing hyoscine in adequate 
quantities and at a lower price than had pre¬ 
viously been thought possible. During the 
w’ar emergency, more than 7,000 ounces of 
the drug were produced in Australia from 
this new source. This is said to exceed the 
total amount which had ])reviously been pro¬ 
duced in the world. 

“There are only three species of the genus 
Duboisia, none of which occurs beyond Oce¬ 
ania. The third sy)ecies, D. Hopwoodil^ is a 
desert tree confined to the arid interior of 
the Australian continent which, strangely 
enough, does not carry the hyoscine-hyosci- 
amine group of alkaloids, but is rich in nico¬ 
tine and nor-nicotine. D. myoporoides is a 
subtropical species having a scattered dis¬ 
tribution along the eastern coast of Aus¬ 
tralia, whilst D. Leichhardtii is confined to a 
relatively small section of the southeastern 
highlands of Queensland. The latter species 
in particular is not plentiful and the wartime 
demand made such heavy inroads upon the 
natural stands that at one stage it was feared 
that it might become extinct. The character¬ 
istic of vegetative regeneration after cutting 
back, which is common to both species, has 
undoubtedly been one of the principal fac¬ 
tors in their preservation. Neither sy)ecies is 
strongly competitive and both are readily 
crowded out by other trees. They have a 
very scattered distribution and are generally 
found as isolated trees or small groups in 
forest clearings or along river banks. In 
certain areas, plants of Dnhoisia are among 
the first to establish themselves after forest 
fires, but they ultimately give way to the 
more permanent secondary flora. 
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“The species have hitherto only been 
known in the wild state but successful meth¬ 
ods of cultivation have noAV been devised and 
there seems no reason why the species should 
not take their place alongside the regularly 
cultivated drug plants such as digitalis and 
belladonna. Although their natural habitat 
is subtropical, they have shown a wide range 
of climatic adaptation under experimental 
conditions and have been found to survive 
quite severe frosts. Under good conditions 
seedling trees have been observed to increase 
in height at the rate of 1 inch p<»r day for 
periods as long as a month. 

^‘The method of cultivation adopted is 
based on the maintenance of the plants as 
bushes rather than trees. They appear to 
maintain their perennial nature when 
trimmed regularly, and yields on the order 
of one ton of dry leaf per acre per year have 
been obtained. Leaf grown under such con¬ 
ditions contains at least as great a quantity 
of alkaloids as that collected from wild 
stands. 

“Selection and testihg of different types 
found within the species has gone forward 
concurrently with the cultivation trials. Al¬ 
though the genetic-environmental relation¬ 
ships of the alkaloid complex are somewhat 
involved, it has been possible to isolate types 
which yield hyoscyamine under any environ¬ 
mental conditions and others which yield 
hyoseine in most circumstances. Tn many 
cases th(i alkaloids are present together, the 
proportion of each depending on the envi- 
I’onmental conditions and the genetic nature 
of the material. 

“The rapid growth of Duboism and its 
adaptability to cultivation, combined Avith'-a 
very high percentage of alkaloid in the 
leaves, should insure its becoming the princi- 
l)al world source of hyoseine, and possibly 
also of hyoscyamine. Seed has been sent 
from Australia to other countries, including 
the United States of America, and it is ex¬ 
pected that the species will ultimately be cul¬ 
tivated successfully wherever conditions of 
soil and climate are suitable throughout the 


world’’. (K. L. Hills, Jour, N, Y, Bot, Gard, 
49:185. 1948). 

Cocona. An almost unknown but highly 
promising edible fruit of the upper Amazon 
is the cocona, Solanum hyporhodiuw. Credit 
for its introduction from the Avilderness to 
the garden is due staff members of the Tingo 
Maria Experiment Station of Peru Avhere at¬ 
tempts are being made to improve it through 
selection and hybridization with several 
c!os(?ly related species, especially S. quito- 
enspy S, hirsutissimum and S, hirtum. 

“(\)Cona plants grow to a height of four 
or five fe<4, having a coarse sprawling shrub¬ 
like groAvth Avith very large leaves. They are 
completely spineless and have prospered iri 
full sunlight at Turrialba, Costa Rica. 

“The ovoid fruits, whfeh are suggestive of 
large red or yelloAV apples, are held in com¬ 
pact clusters close to the trunk and branches. 
The plants are heavily productive, ofttimes 
being loaded down Avith from 40 to 60, or 
more, pounds of fruit. About seven months 
are required from planting to first harvest. 
Ripening may then continue foi* several 
months. 

“Upon reaching maturity, cocona fruits 
turn from the earlier bright-yelloAv to deep- 
red or burnt-orange color and are then most 
attractive. At this stage the peachlike fuzz 
Avhich is typical of this tribe of edible large- 
berried fruits of the genus Solanum is easily 
brushed off, leaving a clear and blemish-free 
skin. 

“The flesh and inner pulp are of a pale- 
cream color throughout, a fact Avhich readily 
distinguishes this fruit from its tAvo nearest 
relatiA^es, the naranjilla and lulita, the pulp 
of AA^hich is a translucent green color. 

“Although the flavor of uncooked eoconas 
is agreeable, the pulp is distinctly acid, and 
they are not recommended for eating out of 
hand. When pc‘eled as an apple and used 
entire for making preserves, pies and sauces, 
the product might be compared with that of 
an apricot, pineapple or gooseberry. Cocona 
marmalade and preserves are a rich trans- 
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paiTut orange in color, and their tart and 
spicy flavor is both delicious and distinctive. 
One can safely say that there are few fruits 
available to the warm humid sections that 
can equal or surpass the better forms of this 
fruit for such culinary uses”. 

^^Solaniim quitoense is the plant known 
and cultivated as ‘naranjilla’ and ‘lulu^ in 
the more northern Andean regions of South 
America. In the highlands of Ecuador and 
southern Colombia the naranjilla is highly 
prized as a juice fruit and constitutes an im¬ 
portant economic commodity. It is found 
wild from Costa Rica to Peru. 

“Unfortunately, this species has seldom 
prosp(‘red in other regions, owing largely to 
sensitivity to environment. At Turrialba, 
Costa Rica, the naranjilla must be grown in 
half shade and has not relished high temper¬ 
atures or dry soils. The ripe fruits are aro¬ 
matic and acid though low in sugar. Keep¬ 
ing or shipping qualities are only fair. 

“The lulita, of the species botanically 
known as S. hirsutissimnm, is occasionally 
found ill the warmer and dryer parts of 
Costa Rica and Panama and as far south as 
Peru. It is little known either horticulturally 
or botanically. At Turrialba it prospers in 
full sunlight and has Avithstood considerable 
drought. The fuzzy or hairy fruits are about 
the size and shape of a hcn^s egg and Avhen 
ripe show a rich orange color. The plants 
are extremely spiny. 

^‘With full maturity, fruit of the better 
lulita selections is quite agreeable, being aro¬ 
matic, juicy, and tart with a flavor sug¬ 
gestive of })lums. With certain refinements, 
this species could become truly desirable for 
eating out of hand. In general, the fruits 
indicate a higher sugar content than do 
either the cocona or the naranjilla, although 
they are typically quite seedy. The better 
strains of this species might contribute ad¬ 
mirably to a breeding project in Avay of 
fruit and cultural assets. 

^‘Preliminary efforts to hybridize these spe¬ 
cies have resulted in little encouragement to 
date. Fruit setting from pollinated floAvers 


has not been too difficult to accomplish, al¬ 
though the seeds obtained generally have been 
poorly developed and in all cases have failed 
to germinate. The mere fact, however, that 
in a few instances plump seeds Avere formed 
affords some hope that ultimate success may 
be possible. 

“In any event, a safe assumption is that 
even in its present unimproved state the 
cocona is a permanent acquisition as a val¬ 
uable horticultural plant. Anyone Avho has 
seen it, or has eaten the appetizing culinary 
products made of it, will testify to that. The 
possibilities of its culture in temperate cli¬ 
mates must yet be determined”. (J, L. Fen¬ 
nell, Foreign AgrieAilture 12: 181. 1918). 

Cedarwood Oil. JnniperuR virginianaf 
naturally distributed east of the Rocky 
Mountains from Canada to Florida, has for 
many yeai’s been the chief source of cedar- 
Avood oil for the aromatic trade. For about 
18 years, hoAvever, Texas, or Mexican, cedar 
(Juniperus mexieana) has also b<‘en a source 
of cedarwood oil which has appeared on the 
market intermittently in a crude state Avith- 
out any refining. This species, a usually 
crooked and irregular tree up to 20 feet in 
height, inhabits the rough limestone hills of 
central and Avest Texas, originally coATring 
about seven million acres. Clearance work 
to increase grass production has reduced the 
area with trees to about three million acres. 
The feAv limbs of this species “that are 
straight have been used to some extent for 
fences and house blocks, but these are the 
only uses that have ever been found for this 
cedar with the exception of oil. These trees 
are too crooked and irregular for saAAung 
and the Avood checks after it has been ex¬ 
posed to the atmosphere”. 

The only cedarwood distillation plant in 
the Juniperus mexicana area, on the Guada¬ 
lupe River about three miles north of Ncav 
Braunfels, Texas, has been bought by the 
Southwest Cedar Oil Company and is noAV 
grinding about 50,000 pounds of cedarwood 
daily for the production of oil. The com- 
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pany has also established a laboratory to 
explore all possible uses of the oil. 

“For oil distillation the wood is usually 
cut by Mexicans on a contract basis by the 
cord and is stacked in the cut-over area to 
dry. When dry, the wood grinds and distills 
better than when green. It is usually sea¬ 
soned for 90 days, but is not harmed if left 
outdoors for a year or two. 

“When ready to use, the wood is dumped 
into a conveyor which carries it to the wood 
hog or chipper and thence into the hammer 
mill which reduces the size of the chips to 
6 mesh. The chips are collected in a cyclone. 
A conveyor then dumps them into the top 
of a still. The stills are 7 x 10 feet and 
will hold about .5000 pounds of grindings. 

“Steam is fed into the bottom of the still 
and is distributed so as to come up uni¬ 
formly through the mass of wood. After the 
distillation is finished, the wood is dumped 
into a triangular hopper at the bottom and 
is caiTied out by conveyor, either to the 
boiler firebox or to the wood stack outside. 
The boiler uses about 50 percent of the wood 
residue. 

“The steam picks up the volatile oil and 
carries it to the oil house where it is sepa¬ 
rated from the water in condensation. The 
oil at this stage is crude and dark red. It 
is shipped to the fractionating plant in San 
Antonio. 

“Plans for distillation of the leaves have 
not been put into effect as yet. The leaves 
carry about IJ percent crude oil, of * which 
about 40 percent is gum camphor and the 
other 60 percent a very pungent leaf oil. 
The camphor has been tested and apparently 
is chemically identical with Formosa cam¬ 
phor but none of the leaf oil or camphor 
has ever been put on the market. Labora¬ 
tory work has been carried to a point where 
all information has been worked out for a 
pilot plant for the separation of the cam¬ 
phor from the leaf oil and it is planned to 
get this in production within the next few 
months. 

“After the crude oil reaches the fraction¬ 


ating plant at San Antonio, the oil is run 
into a high vacuum still for first processing. 
Although laboratory tests have broken down 
the crude oil into 27 separate fractions, this 
quantity would be excessive for commercial 
production at the present time. Accordingly, 
only four separations are made in the crude; 
the white oil, pseudo cedrol, crystalline 
cedrol, and cedarwood tar. These products 
form the basis for the other products that 
are made from the oil by blending, redis¬ 
tilling, cracking, synthesizing, or recrystalli- 
zation, depending on the product that is 
desired. There are 16 different oils and 
other products produced from these four 
basic fractions, and each of the oils and 
other products has its own characteristics. 

“Cedrol content of the crude oil is very 
high and the extreme stability of the cedrof* 
and the pseudo cedrol offers possibilities for 
fields where an alcohol of this type would 
prove advantageous, some of which have 
been determined. Research is being con¬ 
tinued on the cedrols as well as the hydro 
carbons. 

“Most of the oils and other products 
thus far developed have been for the aro¬ 
matic field. This group includes eleven oils, 
pseudo cedrol, crystalline cedrol, ivcrystal- 
liz<'d cedrol, cedarwood tar oil ami cedar- 
wood tar. 

“These ])roducts have proved to be of 
value for aromatic perfumes, soaps, a fungi¬ 
cide for leather, activatoi* in insecticides, 
carbon remover for gas engines, furniture 
and floor policies, moth proof clothing bags 
and cabinents, lubricating greases, printing 
inks, carbon paper and typewriter ribbons”. 

Other uses and potential uses of Mexican 
’ cedarwood oil include: a) fungus inhibitor 
in chi’orne tanned leather, b) leather pre¬ 
servative, c) moth-proofing spray, d) flota¬ 
tion agent. And the ground wood, after be¬ 
ing steam distilled*to extract the oil, is valu¬ 
able as a conditioner of alkaline soils. For 
this purpose the ground wood has been im¬ 
pregnated with minor elements. (C. Pool, 
Chemurgic Digest 7{7) : 7. 1948). 
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Wormwood. ^'Tinie was when the worm¬ 
wood plant (Artemisia Absinthium) was used 
(diiefly for the j)reparation of absinthe—a 
^reen, bitter, aromatic liqueur that came to 
be known as one of the most notorious of all 
nlcoholie beverages. Today, however, the 
only known use of wormwood in the United 
States is for its yield of an oil that is one 
of the principal ingredients of certain ex¬ 
ternal liniments to warm the muscles instead 
of assuaging the stomach. 

“Practically all of this ch(*murgic crop 
that is produced in this country is grown in 
St. Joseidi, Cass, and Allegan counties in 
Michigan, and in ^ St. Joseph county in 
rndiana. Much of the crop is purchased by 
a single company, W. F. Young, Tnc., of 
Springfield, Mass., manufacturers of ‘Ab- 
sorbine’ prejiaralions. 

“In an unusual arrangement for produc¬ 
tion and purchase of a farm crop, the Young 
Company contracts for its purchases several 
years in advance. The contracts guarantee 
the farmers who sign a fixed price for all 
the oil they can produce on a specified 
acreage. 

“Growers usually get a crop that yields 
from 15 to 20 j)ounds of oil per acre, and 
some have gone as high as 35 ])ounds. The 
usual gross income at present prices is from 
$90 to $120 per acre, but unless chemists 
discover additional uses, the prospects for 
expanded acreage are relatively light. 

“Wormwood is a perennial that usually 
lasts for seven to 10 yeai*s from a single 
planting. Tt is originally grown in beds, 
and is transplanted with the help of mechan¬ 
ical setters. 

“The oil of wormwood is obtained by steam 
distillation. On reaching maturity, the plants 
are cut and hauled to a still. There they arc 
tightly packed in tubs or vats, and cooked 
for one to two hours in live steam. 

“The oil content is carried into the steam 
overflow from the vats, thence through a 
condenser where the oil is separated from 
the water. The residue is usually spread 
over the freshly cut fields as a mulch to keep 
down weed growth. 


“The Young Company estimates from 2300 
to 2900 acres of wormwood is grown in this 
country. One of the largest producers is 
T. C. Carter & Son, Vandalia, Mich.” (Anon, 
Chemurgic Digest 8(1): IL 1919), 

Cottonseed. At present million tons 
of cottonseed are produced annually in the 
United States, over 40% of the world’s pro¬ 
duction. Cottonseed ranks fourth in value 
among the nation’s crops, and its value com¬ 
bined with that of staple cotton, places 
cotton very close to corn, the leader. 

Cottonseed is the principal source of pro¬ 
tein fee<l for the South, obtained as a by¬ 
product of oil extraction, and considerable 
research in its piocessing and byproduct 
utilization is being conducted at the various 
State Colleges of the South under sj)onsor- 
ship of the Texas ("otton Research Com- 
mitt4‘e, and at the Regional Laboratories of 
the U. S. Department of Agriculture. 

“Corn is now processed to obtain pure 
starch, dextrin, sugar, syrup, zein, oil and 
inositol. Cottonseed contains an even gi’caler 
wealth of chemicals which are not as yet 
separated in pure form to obtain their great¬ 
est value. 

“At present cottonseed is processed essen¬ 
tially by the hydraulic press method. The 
short fibers left on the seed by the cotton 
gin are removed by linter machines, similar 
to gins, which pull the libers off with lutating 
saws. Hulls are next removed by disc mills 
or bar hullers and separated from the meats 
by screens and air separation. The meats 
are rolled into flakes, cooked for about an 
hour at 240° F., and the oil then sqiu'ezed 
out by hydraulic presses. In some instances 
the oil is squeezed out by screw ex])ellers 
which force the meats at high pressure 
through slotted tubes. 

“Cottonseed linters are sold as raw mate¬ 
rial for rayon, gun cotton, and for upholster¬ 
ing. The hulls are used mainly for livestock 
roughage although their consumption for the 
manufacture of furfural has increastKl since 
the discovery of a method for converting fur¬ 
fural to nylon. 
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“Cottonseed is the standard source of pro¬ 
tein feed for the southern farmers. Tt is of 
excellent quality and highly palatable to ani¬ 
mals. It is sold for direct use or blended 
into mixed feed. The cottonseed oil is 
usually sold in the crude form to the vege¬ 
table oil refiner who makes it into short¬ 
ening and margarine. 

“The most important development in cot¬ 
tonseed has been the use of solvent extraction 
methods. Solvent extraction has proved its 
value in the soybean industry where the 
capacity of solvent extraction plants has 
tremendously increased. However, its use in 
processing cottonseed in this country is so 
new that its success has not yet been estab¬ 
lished. 

“The first solvent plant for cottonseed in 
this country was completed at Wilson, Ar¬ 
kansas, less than a year ago. Since then 
plants have been constructed for cottonseed 
extraction at Helena, Ark., Memphis, Tenn. 
and Abilene, Tex. As yet, practically no 
technical information on the operation of 
these plants is available’^. 

The standard solvent used is a petroleum 
fraction containing essentially n-hexane. 
The oil is recovered by evaporation of the 
solvent which in turn is condensed and re¬ 
used. Other solvents, such as alcohols and 
chlorinated hydrocarbons, are being con¬ 
sidered. Isopropanol, the ordinary rubbing 
alcohol of the drug store and easily pro¬ 
duced from petroleum cracked gases also ap¬ 
pears to be a suitable solvent, for, in addi¬ 
tion to removing the oil it also dissolves 
gossyj)ol and related substances which when 
left in the meal are toxic to certain animals. 
Gossypol is rendered inactive by cooking the 
meats before pressing, but cooking has been 
showm to be detrimental to the protein in 
the meal. 

Oil, fatty acids and sugars can be sepa¬ 
rated from the isopropanol extract. The 
sugar is non-sweet, normally indigestible 


raffinose which can by hydrolized into sim¬ 
pler, sweet, digestible sugar. The oil “con¬ 
tains appreciable quantities of three other 
valuable substances: the phosphatides, toco- 
pherols and sterols. These substances are 
now wholly or partially wasted in process¬ 
ing. Lecithin is the commonly known phos¬ 
phatide. It is now produced commercially 
as a by-product in the soybean extraction 
process, and has a wide variety of uses. 
The tocopherols arc known as Vitamin E and 
are prepared by molecular distillation of the 
oils. In addition to their vitamin uses they 
are valuable antioxidants for preventing 
rancidity in fats. Cottonseed is one of the 
richest of the common oils in tocopherol 
content. 

“The sterols_ are chemically inert and do 
not contribute to any impoi;tant property of 
the oil. However, they constitute starting 
materials for synthesis of sex honnoiies and 
are used for preparation of Vitamin 1). 

“A ton of cottonseed will contain 6.5 lbs. 
of lecithin, 5.4 lbs. of sterols, and 0.4 lbs. 
of tocopherols. The latter two substances 
have a very high commercial value in purified 
form. Alpha-tocopheix)! is quoted at .$340 
per lb. From 10 to 15 lbs. of gossypol are 
contained in a ton of cottonseed. As yet 
gossypol has no commercial value; however, 
if it were isolated in pure form, uses would 
surely be found. It is an excellent anti¬ 
oxidizing agent. 

“The lecithin, vitamin E sterols, and 
gossypol are all obtained in concentrated 
fractions by the isopropanol extraction 
process for cottonseed oil. Purification of 
these substances should not be difficult, and 
.,they can then be produced as new marketable 
products from cottonseed. In addition, the 
higher grade meal, freed of its impurities, 
will be a source of flour for human con¬ 
sumption and commercial protein for flber 
and plastic manufacture”. (W. D. Harris, 
Chemtirgic Digest 7(11): 9, 1948). 
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Milkweed —A War Strategic Material and a 
Potential Industrial Crop for Suh-marginal 
Lands in the United States 

In 1943 the U. S. Federal Government erected a milk¬ 
weed doss- and seed-extracting plant at Petoskey, 
Michigan, the only one of its kind in the world, and 
in one year this plant furnished to the armed forces 
two million pounds of milkweed doss that was used 
in lieu of kapok from Java in the manufacture of life¬ 
saving equipment. Two million pounds of seed and 
tons of fibers were by-products as potential commer¬ 
cial sources of oil and cellulose, respectively. 

BORIS BERKMAN 
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Introduction 

Theories of today may be the stepping 
stones to the faets of tomorrow, and al¬ 
leged facts of today may be proven un¬ 
sound theories in the light of future dis¬ 
coveries. As examples, one has only to 
recall that heavier-than-air craft, split¬ 
ting of the atom, radio and television, 
all established facts of today, were un¬ 
heard of 50 years ago, or were regarded 
at that time only as fantastic theories. 
On the other hand, rigid dogma of yes¬ 
terday, which considered molds only as 
toxic and undesirable factors in decom¬ 
position, must, in the light of penicillin 
and other antibiotics, be discarded to¬ 
day as unsound and unscientific. 

The history of the utilization of plants 
for the benefit of the human race is full 
of similar evidence that it takes a long 
time for new thoughts, though they em¬ 
body definite improvements, to be ac¬ 
cepted, especially if those thoughts con¬ 
tradict old established concepts of use¬ 
fulness and desirability. The corn plant 
in North America, highly esteemed as a 
valuable" food by the native Indians, was 
considered undesirable and had a hard 


time becoming accepted by the early 
white settlers of North America. Only 
30 years ago the soybean was ridiculed 
in the United States, and the probability 
that it would ever become a major crop 
wm negligible. At present it is one of 
our most important crops, the source of 
countless food and industrial products. 

In the light of these historical prece¬ 
dents, the concept of the milkweed plant 
as a potentially valuable raw material 
for several industrial j)roducts, as im¬ 
plied in the title to this article, should 
not be discarded lightly. Use of the floss 
as an emergency strategic material dur¬ 
ing the recent war has already estab¬ 
lished the plant's potential value. This 
use and the possibilities of other indus¬ 
trial utilization are discussed in this 
article. 

Utilization Prior to the 
Twentieth Century 

The milkweed family, the Asclepia- 
daceae, contains a large number of fiber- 
producing herbaceous plants native to 
different portions of the world and vary¬ 
ing from shrubby growths, a few feet in 
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height, to the giant forms of India that 
attain ten feet or more. More than 20 
species are native to the United States, 
probably the commonest and best known 
of which is Asclepias syriaca L. This 
species grows wild in Canada and over 
wide sections of the United States, and 
is as well known in portions of South 
America and of southern Europe. 
Among specimens of it in the old Clover 
Museum of the United States Depart¬ 
ment of Agriculture there are some fine 
examples from Brazil which were most 
carefully prepared, seeming to show that 
the value of the plant was recognized in 
that country. According to one of the 
old authorities: ^‘an early knowledge of 
the fibre of silkweed caused the intro¬ 
duction into Europe, where it has fully 
become a cultivated plant, while in its 
own country but little is known of its 
true value” (9). 

Among several other fiber-producing 
species of the Asclepiadaceae, and found 
chiefly in the Old World, is Marsdenia 
tenacissima, W & A, or Rejmahl Bow¬ 
string Creeper, the source of the jeete 
fiber of India. This twining shrub grows 
in the Rejmahl hills of that country, in 
dry, and barren places, and the fibers of 
the bark are used by the mountaineers 
for making bowstrings. The fibers are 
reported to be not only beautiful but 
strong and durable. Tn Roxbiirg’s test 
of twine (8) made from jeete, he found 
that in the dry and wet states it bore 
strains of 248 and 343 pounds, respec¬ 
tively, whereas comparable figures for 
hemp w^ere only 158 and 190. The fiber 
has long been widely employed in its 
native land for making nets and is not 
liable to injury by being kept in water. 

The prehistoric Indians of North 
America used the bast fibers of milk¬ 
weed for textile purposes. Asclepias 
syriaca was the most widely employed, 
and clothing found in ancient burial 
places, 1,000 years old, were made from 
it. Whitford (47) attributes such use 


to the fibers of four species, A. tuberosa 
L., A. pulchra Ehrh., A. incarnata L., 
and A. syriaca L. Other Indian tribes 
of North America relied upon the milk¬ 
weed plant for food and medicinal bene¬ 
fits. Buds of Asclepias incarnata L. 
were dried and stored for winter use 
by the Menominee Indians, or were made 
into soup with deer broth, or added to 
cornmeal mush. The leaves and young 
shoots of A. spcciosa Torrey were boiled 
with meat by the Ilopi Indians of Ari¬ 
zona; in Montana and California the 
flowers were eaten boiled or raw; and 
in Wisconsin, Minnesota, Montana and 
Wyoming the seeds were eaten raw and 
the buds consumed with meat or boiled 
with souj). In New Mexico A. involu- 
crata Eng. was similarly used for food. 
The Chippewa Indians used the flowers 
of A. syriaca in a stewed form, and the 
Iroquois ate young green fruits, young 
sprouts and buds. 

Kalm (20) says that the French in 
Canada used the tender spring shoots of 
milkweed, preparing them like aspara¬ 
gus, and that they also made a very 
palatable sugar from the flowers. Tre- 
mont (42) found the Sioux Indians of 
the upper Platte River eating young 
pods and boiling them with buffalo meat. 
Jeffery, referring to Canada (42), says: 
‘‘What they call here the cotton tree is 
a plant wdiich sprouts like asparagus to 
the height of about three feet and is 
crowned with several tufts of flowers; 
these are shaken early in the morning 
before the dew is off of them, when there 
falls from them, with the dew, a kind 
of honey, which is reduced to sugar by 
boiling”. 

Natives of Tanganyika use the bast 
fibers from the stalks of A. semilunata 
N.E.Br. for fishnets. (6), and in the cen¬ 
tral part of India the bast fibers of A. 
gigantea L. have been employed by the 
natives for textile purposes. Gleditsch 
in Germany used the floss of milkweed 
for padding, and in 1754 he reported 
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the results of experimental work with 
Asclepias to the Academy of Science in 
Berlin. LaRouviere in France produced 
cloth from the floss at about the same 
time (27), and in 1811 Baron Jacquin 
published a detailed description of the 
milkweed plant. Several ventures in the 
cultivation and possible utilization of A. 
incarnata and A. syriaca were made in 
Canada about the middle of the last 


lized as raw material for important in¬ 
dustrial enterprises. To that end there 
has been a revival of interest in the 
United States, Canada and Russia dur¬ 
ing recent years in the chemurgic pos¬ 
sibilities of milkweed. This revival is 
attributable not only to the application 
of chemistry to the utilization of agri¬ 
cultural products in general, but also to 
improvements in the processing of milk- 



Fig. 1. The milkwccd ])ro(*(‘.ssing ])laiit of tlie Milkweed Floss Corporation of America, built 
by the U. S. Federal Government in Petoskey, Michigan, in 1943 at a cost of $225,000, to fur¬ 
nish milkweed doss to the armed forces during World War 11 for use by them ])rincipally in life 
preservers. It produced more than two million pounds of the doss for this purpose in the one 
year of its operation. 


century, along with similar work in 
Russia (21, 28). 

Utilization in the Twentieth Century 
exclusive of the Floss 

It soon became apparent to twentieth 
century investigators of the utilitarian 
qualities inherent in milkweed tliat uti¬ 
lizing the products of these plants in the 
primitive manner of a century ago pre¬ 
cluded successively growing milkweed as 
a regular and economically profitable 
crop. Only by taking advantage of 
chemical and mechanical sciences could 
this crop be converted into products, 
such as floss, synthetic; fibers, oil, wax, 
rubber and plastics, that would com¬ 
mand profitable prices and could be uti- 


weed floss, as will be described later in 
detail. 

In Russia this revival of interest has 
been devoted to the extraction of oil and 
fat from the seeds, and of latex from the 
leaves and stalks (25, 30, 31). Stepanov 
(38), for instance, analyzed milkweed as 
an oil- and rubber-producing plant, and 
reported that “oil from the seeds of 
milkweed can be used a) for the manu¬ 
facture of liquid soap, for which there is 
a large demand in the textile industry; 
b) for the production of siccatives; c) 
for the production of fats by hydrogena¬ 
tion. Our rubber industry should put 
an end to its persistent understiniation 
of this plant as a source of rubber. Cul¬ 
tivation of this plant should yield thou- 
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sands of tons of natural rubber, to be 
mixed with our synthetic rubber. Milk¬ 
weed should occupy a proper place 
among our valuable technical plants’’. 
He mentions the possibility of utilizing 
the stems in the paper industry, but does 
not say anything about the floss. 

In Canada we And the same trend of 
thought, especially during World War 
II when a great deal of work was done 
at the Central Experimental Farm in 
Ottawa on the propagation and culti¬ 
vation of the plants, on germination of 
their seeds, etc. Some of the best culti¬ 
vated fields of Asclepia.^ incarnata and 
A. syriaca observed by the author have 
been in Ottawa. In 1943 over 500 acres 
of land in Peterborough County as well 
as at Ottawa were seeded by the farmers, 
subsidized by the Canadian government. 
A cooperative research program, involv¬ 
ing various government departments and 
universities, on the extraction of resin 
rubber gum from the common milkweed 
has been under way in Canada since 
1942. Based on a series of batch opera¬ 
tions worked out in the laboratory, a 
pilot plant has been built in Ottawa that 
is^ capable of rapid extraction of sub¬ 
stantial amounts of gum. The design 
includes provision for ultimate integra¬ 
tion to continuous operation. A 15-85 
milkweed gum CR.s mixture in a tire 
tread compound resulted in an improve¬ 
ment in tack, an increase in tear resist¬ 
ance, a drop in both tensile strength and 
modulus, an increase in elongation at 
overcure, a drop in resilience, an im¬ 
provement in the heat embrittlement 
figure, and a considerable improvement 
in flex life (12, 14,32, 46). 

It is apparent from several writers 
(e.g.y 12, 13, 14, 46) that the rubber pos¬ 
sibilities of Asclepias have been predomi¬ 
nant in the minds of Canadian scientists, 
and that tho same tendency has prevailed 
in the IT. S. Department of Agriculture 
and among independent investigators (2, 
7, 15, 17). Edison and Ford, among 


the latter, were interested primarily in 
latex, and avoided investigating any 
other utilitarian possibilities of milk¬ 
weed. All these investigators have been 
confronted by one basic fact which is 
of prime importance in the usefulness 
of milkweed as a profitable rubber-pro¬ 
ducing source, namely, that the rubber 
content of milkweed is not sufficiently 
high to make the growing of it exclu¬ 
sively as a source of rubber a sound 
commercial venture. Other products, 
producing additional income, must be 
obtained before it can seriously be con¬ 
sidered as an industrial crop. Among 
such other products is the floss attached 
to the seeds within the seed pods, but 
before the utilization of that floss could 
be developed it was very apparent that 
a mechanized method of separating the 
floss from the seeds and pods would have 
to be developed, for only then could the 
plants produce enough revenue to make 
their production and processing profit¬ 
able. 

Milkweed Floss as a Strategic 
Material of World War II 

The incentive to develop such a method 
of mechanically isolating the floss from 
milkweed pods was provided by the 
exigencies of World War II. Previous 
to the seizure of the Dutch East Indies 
in 1942 by the Japanese, the world’s 
foremost commercially important stuffing 
material for life preservers, life cushions 
and similar articles was kapok, imported 
by the United States in large quantities, 
-.chiefly from Java, the Philippine Islands 
and Ceylon. Kapok, like milkweed floss, 
is a seed fiber and is produced on the 
seeds within the large pods of the kapok, 
or silk cotton tree. This is a large, wide- 
spreading tree (Ceiha pentandra Gaert.) 
with enormous buttressed roots, native to 
the American tropics but now exten¬ 
sively planted in the tropics of both 
hemispheres. When the East Indian 
supply of kapok ceased there arose a 




Pig. 2 (Upper), The milkweed gin^’ which solved the problem of mechanically separating 
floss from seeds and thus tremendously accelerated the processing of these two. plant products. 
Fior. 3 fT^nwer^. The baler which packed the fl-oss into bales averaging 200 pounds in weight. 
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need for substitutes, as was true of so 
many other items of international trade, 
and the possibility of using milkweed 
floss in its place became apparent. 

Inspired by this need, the author and 
his co-workers continued their efforts 
begun in 1938 to develop a satisfactory 
process for achieving the above men¬ 
tioned aims. The result was a ‘‘milk¬ 
weed gin’’ to accomplish them. In 1941 
the author submitted to officials of the 
U. S. Navy a memorandum regarding 
the value of milkweed floss for life pre¬ 
servers, and other life-saving equipment, 
and the next year he was invited to pre¬ 
sent his testimony before the Agricul¬ 
tural Committee of Congress. Tests 
conducted by the Navy proved that the 
floss is equal in performance for life¬ 
saving equipment to kapok imported 
from Java, and in 1942 the Federal 
Government appropriated over $230,000 
to build a processing plant. The fund 
was administered by the Defense Plant 
Corporation, and the processing plant, 
the first of its kind in the world, was con¬ 
structed in 1943 under the supervision 
of the author and Mr. L. J. Lyon, Presi¬ 
dent and Vice-President, respectively, of 
the newly established Milkweed Floss 
Corporation of America. The plant was 
located in Petoskey, Michigan, in a re¬ 
gion \vhere the greatest concentration of 
wild milkw^eed in the TTnited States is to 
be found. To furnish the plant with 
raw material, the Commodity Credit 
Corporation, as an agency of the Gov¬ 
ernment, collected milkweed pods in 26 
States with the cooperation of farm 
organizations, youth clubs, school chil¬ 
dren and other organized assistance. 
Over 2,500,000 bags were collected in the 
years of 1944-45, representing 25,000 000 
pounds in green weight, or 10,000,009 
pounds in dry weight. To transport this 
huge quantity of pods, 700 freight cars 
were used. About 2,000,000 pounds of 
floss were processed in the Petoskey 
plant in one single year, the floss repre¬ 


senting about 20% of the gross weight 
of the pods, the seeds 36%, the podshells 
44%. The floss was delivered to the 
armed forces during the war, to be used 
principally for the manufacture of life- 
preservers. 

The pods were collected in wide-mesh 
onion bags, since they had to be air-dried 
in order to lose 60% of their water con¬ 
tent before it was safe to stack them for 
transportation to the Petoskey plant. A 
huge specially built dryer, capable of 
removing excess moisture from a thou¬ 
sand bags of pods per hour, was installed 
in the Petoskey plant. Pods, after 
travelling on a conveyor through this 
dryer, were dumped on a second con¬ 
veyor which brought them up to the 
second floor of the building \vhere the 
contents of the bags were emptied into 
milkweed gins located on the first floor. 
The opening of the bags represented the 
only manual operation; the entire sepa¬ 
ration process was 100% mechanized. 
The milkweed gins and the attached air- 
separating units separated the pod con¬ 
tent, allowing the floss to be carried by 
air to the huge collecting chambers; the 
seeds and pod shells were deposited on 
other conveyors which brought them to 
a separate collecting room. This air- 
separating system was operated so effec¬ 
tively that floss from pods not entirely 
ripe, or damaged by mold, was rejected. 
This prevented contamination of good 
floss by imperfect material, which was 
very important, because if floss gathered 
in the collection room was contaminated 
with mold, then baled, the outer layers 
of the bales would act as insulators and 
help spread the mold throughout the 
bales. Bales of floss imported from 
South America and other countries 
where hand-separation was used, some¬ 
times contained large amounts of yellow¬ 
ish moldy material. The milkweed gin 
could also handle pods that had been 
only air-dried; but machine-drying, in 
addition to air-dr 3 dng, made the gin 
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more efficient. In addition to assurin^^ 
greater uniformity in dryinj,^ than might 
otherwise have been achieved, the dry¬ 
ing and processing method developed at 
Petoskey eliminated handling of the 
fibers by band and thus provided a 
degree of sanitation that was of impor- 
taiice in certain lines of use. And, 
finally, it made possible the handling of 


years. However, milkweed floss could 
not be used in clothing as an insulating 
material unless special machinery could 
be developed to distribute the floss in 
absolutely equal thickness between tex¬ 
tile sheets, and then by quilting, to pre¬ 
vent the shifting of the floss. In the 
post-war period such equipment has 
been developed, and it is now possible, 



Petoskey plant. 


billions of fibers in a fraction of the time 
necessary in hand operation. 

Utilization of the Floss 

Milkweed floss is the lightest known 
material. It is one-sixth as heavy as 
wool, and lighter than down or kapok. 
Besides being a perfect insulator, it pro¬ 
vides buoyancy. Therefore, suits made 
with this material quilted into the lining 
serve three purposes: they are light¬ 
weight, warm and buoyant, and, in ad¬ 
dition, the lining is vermin and bacteria- 
resistant. The BTIT of the floss is less 
than 0.24, and one pound, ten ounces 
of the material will keep a 150-pound 
man floating in water more than 4S 
hours. It was because of these qualities 
that the floss was utilized by the naval 
forces of the United States in recent 


tlierefore, to utilize the floss as an excel¬ 
lent insulating material for clothing, 
especially for regions having very low 
tein])eratures. Becent tests conducted 
on a large scale established the fact that 
milkweed floss is an insulating material 
of outstanding merit. Quilts of it be¬ 
came of value not only for insulation 
against (*old, but also for sound-proofing, 
a usage that was justified by a Harvard 
University report (1) in which materials 
tested were found best in the following 
order: fiberglass A, kapok, milkweed 
floss, fiberglass B, kapok felt, fiberglass 

C, acoustical stonefelt, kumsel, fiberglass 

D. The least effective materials tested 
were fiberglass navy wool, foam rubber 
and hair felt. 

In addition, the resiliency and com¬ 
pressibility of milkweed floss produced 
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by mechanized methods of separation 
have been found to be greater than in 
any type of kapok (34), and this feature 
created a great interest in the furniture 
industry for the floss as filling material. 
Other possible outlets, if commercial pro¬ 
duction of the floss is resumed, would 
incli^de insulation for roofs and refrig¬ 
erators. And, finally, the sanitary han¬ 
dling assured by mechanization renders 
the material suitable for use without fur¬ 
ther processing in bedding, children’s 
toys and surgical dressing. 

Milkweed as an Industrial Source 
of Fiber 

The vascular tissue of milkweed stems, 
as is true of all dicotyledonous plants, 
forms a continuous ring without distinct 
bundles. This applies also, of course, to 
flax, hemp and jute, the world’s fore¬ 
most stem-fiber plants. In the center of 
older stems is an empty space which is 
originally filled with parenchyma cells, 
constituting the pith and occupying 
about 25% of the cross-sectional area of 
the stem. The pith gradually disinte¬ 
grates as the stem matures, but a few 
fragments of it cling to the surrounding 
woody ring in mature stems. The woody 
ring is made up of vessels, fibers and 
parenchyma tissue; the fibers are ap¬ 
proximately 0.5 mm. long and occupy 
at least 50% of the fully ripened stem. 
Outside the woody ring, or xylem, is a 
very narrow cambium layer, surrounded 
by the phloem tissue which consists of 
sieve tubes, bast fibers, latex tubes and 
conductive parenchyma. This bark-like 
material outside the cambium occupies 
10% to 15% of the stem cross-sectional 
area, and it is the fibers within it that 
were used by the American Indians. 

The author has never considered it 
desirable to use these stalk fibers for 
textile purposes, as was done by the 
Indians, for many other plant fibers are 
much superior. For the same reason 
utilization of the stalks for insulation 


purposes, compressed board, paper and 
other products, although possible, also 
does not appear to be the most desirable 
application. What is necessary for eco¬ 
nomically successful utilization of millc- 
weed stalks is the production of addi¬ 
tional synthetic products. Such addi¬ 
tional producets from the stalks are of¬ 
fered by the fact that the stalks can be 
split into two fractions—one, containing 
the bast fibers, representing 10% of the 
stalk, and the other the lignin fiber, rep¬ 
resenting 90%. The bast fibers having 
almost as high an alpha cellulose content 
as cotton linters, are suitable for making 
synthetic fibers, such as rayon, while the 
lignin fibers could be used for making 
lignin plastics. 

The retting process, utilized by indus¬ 
try up to now for separation of hemp 
bast fiber from the woody or lignin fiber, 
naturally was injurious to the cellulose 
in the bast fiber of the hemp stalk, and 
damaging to the woody fiber. To avoid 
this, the author and his associates devel¬ 
oped and patented a mechanized method 
of separation wherein the raw material 
is not exposed to the retting process, and, 
therefore, the valuable constituents of 
the milkweed stalk (cellulose and lignin) 
are not damaged and may be used with 
advantage for the production of syn¬ 
thetic fibers, such as rayon, or for 
plastics. 

Mankind, in years to come, will de¬ 
pend more and more on raw materials 
produced as annual crops, and not on 
crops, such as trees, produced over a 
period of years. The valuable milkweed 
*5^talk, separated by inexpensive mechan¬ 
ized processes into cellulose fibers and 
lignin fibers, will unquestionably become 
a raw material of great value. 

Milkweed as a Source of Oil, 

High Protein Meal and Wax 

In 1938 the Milkweed Products Devel¬ 
opment Corporation established a re¬ 
search fellowship at Iowa State College. 



MILKWEED 


231 


Allies, Iowa, to promote extensive studies 
of oil, wax and other by-products derived 
from milkweed. The results confirmed 
the data of other investigators (19, 25, 
38 43) regarding? the chemical proper¬ 
ties of these by-products, and also estab¬ 
lished beyond doubt that mechanical ex¬ 
traction of oil by expulsion methods is 
not economically sound for commercial 
production, due to specific physical prop- 


fined will be satisfactory for the manu¬ 
facture of alkyds. 

In an article (24) which also gives 
data on the physical and chemical char¬ 
acteristics of the oil, on the analytical 
constants of alkali refined oil and on 
52-R-13 long oil alkyds, we read : 

‘‘While milkweed seed oil does not 
possess sufficient unsaturation to be 
rapid drying by itself, the polymeric 



Fig. 5. Milkweed pods air-drying in onion hags. 


erties of milkweed seeds. Solvent ex¬ 
traction is the most suitable method, and 
most solvents used for soybean oil gave 
excellent results. The yield of oil by 
hexane extraction was 21.4%. A com¬ 
parison of the iodine numbers of milk¬ 
weed seed oil (122.6) and other oils in¬ 
dicate that it is a semi-drying oil, similar 
to soybean. Milkweed seed oil can be 
completely deodorized to produce an 
edible oil (41), and when properly re¬ 


growth made possible in alkyd resin 
formation without the loss of unsatura¬ 
tion as occurs in conventional oleo resin¬ 
ous varnish formation, should greatly in¬ 
crease the drying capacity and film hard¬ 
ness. Moreover, the apparent lack of 
linolenic acid in the oil should make it 
ideally suitable in alkyds, for high tem¬ 
perature baking enamels, where color 
retention and flexibility are of para¬ 
mount importance. The film from milk- 
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weed seed oil alkyd showed remarkable 
resistance to discoloration, and was defi¬ 
nitely superior to that of the soybean 
oil alkyd. . . . Our results indicate that 
milkweed seed oil is a valuable oil for use 
in the preparation of alkyd resins”. 

Since the seeds from which the oil is 
extracted are high in protein (40%), 
similar to soybean meal, they can be 
made into a plastic similar to that pro¬ 
duced from soybean meal. The pod- 
shells contain a mixture of wax and 
gums, about 10% by dry weight, and 
a method of separation has been worked 
out. ‘‘The wax is similar in its chem¬ 
ical properties to Caranauba wax, and 
has a high melting point” (41). 

During World War II, over 2,000,000 
pounds of seed were produced^ and all 
were readily absorbed by the private oil 
industries. The production and utiliza¬ 
tion of wax and meal was only on a small 
pilot plant basis; however, basic research 
shows good potential possibilities for 
these products. 

Production of Milkweed as a Crop 

From the agricultural standpoint a 
number of factors must be taken into 
.consideration before any decision can be 
reached as to where and how milkweed 
plants should be cultivated. Numerous 
investigations have been conducted in 
this direction and reported in the litera¬ 
ture of three countries—^United States, 
Canada, Russia—the findings of which, 
together with personal observations of 
the author, are summarized in the fol¬ 
lowing paragraphs. But first let us give ^ 
some consideration to what has been ' 
done in the United States and other 
countries to investigate and to establish 
the basic requirements for the cultiva¬ 
tion of milkw^eed. 

History. Numerous attempts have 
been made in the past to cultivate milk¬ 
weed, and 150 years ago there was con¬ 
troversy between advocates of the plants 
and scientists who regarded milkweed 


as useless. Under date of 1810, for in¬ 
stance, we read about the cultivation of 
milkweed in France (translated) (36) : 

“1 published in 1808 certain obser¬ 
vations on the subject of the Syrian 
Asclepiad. This little work was received 
with two opposite reactions. The true 
friends of agriculture, and of public and 
private economy, appeared to think well 
of it, and I received many flattering 
compliments, while those men who never 
cultivated the soil except in their dreams 
—undertaking, nevertheless, to be dicta¬ 
tors in the field of agriculture, although 
they never acquainted themselves with 
it, and over which they pretend to reign 
as despots, unfurling above their heads 
the banner of exclusive ambition upon 
which is written in gigantic letters their 
favorite inscription—^“None may have 
hopes but ourselves and our friends”— 
irritated that a mere cultivator dared 
speak of culture without having humbly 
solicited them and obtained their per¬ 
mission—they have cried , “Scandal, 
Ignorance. Charlatanism ’ 

Sonnini states further (36) about the 
cultivation of milkweed in Germany: 
“In Silesia, the method of propagation 
is as follows: Seeding in early spring in 
a loose and somewhat sandy soil; seeds 
placed in grot)ves; germination in 8 or, 
at the most, 14 days. Young plants need 
some care; at the approach of winter, 
young plants are covered lightly with 
soil which is removed carefully in the 
spring. The second year the plants 
reach a height of 2 to 2 J feet, but the 
roots are still too delicate to transplant 
them successfully, and at the approach 
of winter they are protected against cold 
the same way as the first winter. In 
the* following spring, i.e., the third year, 
they can be trailsplantcd. This is done 
best in April. Plants spaced 2 feet a- 
part, giving each plant 4 square feet of 
area. A loose soil worked the previous 
autumn is chosen. Roots never placed 
deeper than 4-5 inches. If precautions 
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indicated are not followed, the plants utilization of the Asclepias plant, to cit- 
will be tender and die in a short time, izens Piroschkolf and Hartman (Kiev, 
If done properly, plants will throw up Ukraine) 

Sprouts and set fruit. However, the In the United States a great deal of 
yields will not be very considerable in research has been undertaken since the 
the third year. On an area of 18,000 turn of this century (3, 4, 5,10.11, 17, 

square feet, containing 4,500 plants, 90,- 18). Especially interesting are numer- 

000 pods obtainedous investigations conducted for many 



Fig. 6. Two young milkweed plants on a common root, illustrating the usual vegetative 
method of propagation as it occurs naturally. 


Kuzmenko (23) gives the following years at the Iowa Agricultural Experi- 
summary and information about milk- mental Station (10, 11, 19). In the an- 
weed in Russia: “Due to the fact that nual report (1929-1932) (19), the sum- 
cultivation and utilization of the Ascle- mary is given as follows: 
pias plant was successful in France and ‘ * The Milkweed has been grown under 

Uerniany, experiments of cultivation cultivation during the past three years, 
and utilization of this plant can be Problems such as propagation, yield and 
traced in Russia to the 18th century. . . utilization of the various plant parts, 
In 1857, the government gave a li- have received attention. Yield studies, 
cense for production and commercial based upon the experimental plot, indi- 
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cate a production of 12.5 bushels of seeds, 
100 pounds of floss and 1800 pounds of 
air-dry stem tissue per acre. This 
yield is low, due to overcrowding of the 
plants within the row, and represents 
approximately one-fourth of a possible 
maximum theoretical yield 

Moisture. Milkweed plants like mois¬ 
ture, the requirements for which are 
fairly heavy. Excessive moisture, how¬ 
ever, appears to be definitely harmful, 
and yields are high either on moist soil 
with a water table not closer to the sur¬ 
face of the soil than one and a half me¬ 
ters, or in regions with not less than 20 
inches of precipitation per year. This 
high moisture requirement is reflected in 
high transpiration; hence, as the air 
humidity decreases, the soil moisture of 
the site needs to be more abundant for 
sustained good growth. Regions of low 
air humidity are not unfavorable if the 
soil moisture is ample and the soil well 
aerated. Warm, dry soil, resulting from 
good exposure and drainage, is definitely 
advantageous. Water-logged soils, on 
the other hand, cause rotting of the roots. 
The sub-soil must, therefore, be such as 
to allow proper drainage, especially dur¬ 
ing periods of excessive rainfall; for this 
reason sand and gravel are the ideal sub¬ 
soils. Fully grown plants withstand 
drought well, but young plants may 
easily be burned out by prolonged spells 
of dry weather. 

Soil. Asclepias syriaca will thrive on 
any kind of soil, but it should be 
planted on poor soil because on rich 
sites it produces up to seven feet of lush 
vegetative growth with many stems and' 
branches and an abundance of flowers, 
but sets few fruits. On light sandy soil 
it has shorter stems and fewer blossoms, 
but more fruits. Moist soil with a struc¬ 
ture that assures adequate aeration is 
more favorable than dry soil, whether 
the soil be sand, sandy loam or clay loam. 
Loam produces the best growth, muck 
is very good, sand is good and clay is not 


so good as sand. The acidity should 
range from slightly acid to medium 
acid, or pH 6.6 to 5.7. 

Exposure. Milkweed grows best in 
30% to full sunlight, and thrives on 
sites unprotected from direct glare, even 
in dry warm climate if it has plenty of 
available soil moisture. In Michigan 
milkweed was not found in wooded areas, 
but high quality plants were abundant 
at the edge of those areas where the soil 
was richer in organic matter because of 
decaying roots, leaves and other vege¬ 
table matter. A longer growing season 
in the southern part of the range of A. 
syriaca helps, to some extent, to offset 
unfavorable site conditions. In the 
North, where less than 100 days are a- 
vailable for food storage during the 
growing season, the effects of poor site 
conditions will be more severe than in 
the South. 

Nutrients and Competition. The ab¬ 
sence of certain minerals, for example, 
boron, from the soil prevents the occur¬ 
rence of milkweed in some areas. To 
supplement the natural supply of nutri¬ 
ents, a complete fertilizer is recom¬ 
mended. Clean-cultivated plots show 
the greatest response to nitrates. If 
ground-cover treatment is applied, fer¬ 
tilization is often dependent upon the 
ground-cover vegetation used. Hairy 
vetch plots, for example, show the great¬ 
est response to phosphate and potash. 
Climson clover, burr clover and blue lu¬ 
pine plots did not display any marked 
response to either phosphate, potash or 
nitrate. In experimental plantings all 
> plots in winter-ground covers have been 
slow to bloom and to put forth fruit 
when compared with clean-cultivated 
plots. 

Competition must also be taken into 
consideration when milkweed is culti¬ 
vated. During the first and second 
years the young plants can not compete 
readily with other weeds. Weeding, 
therefore, is absolutely necessary dur- 
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in" that period. When the milkweed 
plants are well established, other weeds 
can not successfully compete with them. 
Experiments at the Towa Agricultural 
Experiment Station, Ames, Iowa, and at 
the U. S. Department of Agriculture at 
Beltsville, Maryland, have established 
that it is difficult for milkweed to com¬ 
pete with blue grass the first two years. 
Canada bluegrass {Poa compressa), 
however, is not so vigorous a competitor 
as is Kentucky blue grass {P, pratensis), 


sirable that seed to be sown in the 
spring receive preliminary treatment in 
order to speed up germination or to ob¬ 
tain a greater percentage of germination. 
On the basis of our experiments the 
following treatment is recommended: 

The seed should be soaked in water 
approximately four hours, then spread 
out in layers two to three inches thick 
where the temperature can be kept at 
32 to 40 degrees F. The seed must not 
be permitted to heat during this treat- 



Fig. 7. Photomiorographs of kapok fiber (left), imported from Java, and of milkweed 
floss (right), collected and processed in America. Because of great transportation costs from Jav^a 
(12,000 miles), kapok sent to America must first be compressed to weigh 14 pounds per cubic foot, 
and the high pressure used in the operation results in broken fibers, as shown. Milkweed floss, 
oroduced and utilized in America, need not be baled to greater density than five pounds per 
cubic foot, with consequent elimination of breakage, as shown. 


since it forms a thinner stand than does 
the latter. 

Propagation. Milkweed is most ef¬ 
fectively propagated by means of seed 
which should be sown either very late in 
the fall or very early in the spring. Fall 
sowing should be just before freezing 
weather so that gemination will not oc¬ 
cur until spring. Spring sowing should 
be done as soon as the soil can be worked 
in order to take advantage of early rains. 
Seeding should be preceded by germi¬ 
nation tests, rating the vigor on such 
factors as root length or number of lat¬ 
eral roots produced in a given period of 
time. Most milkweed seed collected from 
wild plants germinates very unevenly 
and slowly. Consequently it is most de¬ 


ment and should be kept at this low tem¬ 
perature 20 to 30 days; a longer period 
will give somewhat better results, but 
even a shorter period will be beneficial. 
During this time the seed should be 
stirred occasionally and kept fairly 
moist. About a week before the seed is 
to be sown it should be permitted to dry 
sufficiently so that it will run through 
a drill or planter. It must not, however, 
be allowed to become absolutely dry. 

Other methods suitable for improving 
the germination of milkweed seed pre¬ 
vious to planting at half-inch depth are: 

a) Scarification by abrasion in five 
degrees—^very heavy, heavy, medium, 
light, very light. 

h) Scarification by sulphuric acid 
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solutions of 5%, 10% or 20% strength 
for 10, 20 or 40 minutes, then washed. 

c) Shaking the seeds vigorously at 
least 20 minutes in a Mason jar so that 
they strike the side of the jar with con¬ 
siderable force. A Peerless Mixer can be 
used for this treatment on a large scale, 
one revolution every two seconds. This 
treatment, like scarification, ruptures the 
inner seed membrane and permits the 
radical to emerge through it. 

d) Freezing of moist seed for 48 hours 
at 20 to 30 degrees F. 

e) Storage at 41 degrees F. for 30, 
60 or 90 days. 

/) Exposure to infra-red heat one foot 
distance for five, ten or twenty seconds, 
one, five or ten minutes. 

g) Hot water bath at 100 to 120 de¬ 
grees F. for eight hours. 

The best results have been obtained 
with cold treatment of moistened seed. 
The Department of Agriculture, Canada, 
reports that seeds of A. syriaca^ soaked 
in water four hours and then held at 1 
degree C. for 25 days, gave 87% germi¬ 
nation, and that seeds of A. incarnata 
under the same treatment gave 91% ger¬ 
mination. Germination of untreated 
seed of the two species was 10% and 
l5%, respectively. In this particular 
experiment the seed was sown one- 
quarter inch deep in flats in the green¬ 
house. 

Milkweed is self-propagating also by 
its rhizomes and is capable of producing 
suckers two feet from the parent plants. 
Such propagation is satisfactory for 
repeatedly raising crops provided the 
new shoots are confined to rows by cul-' 
tivation of the soil between them. Arti¬ 
ficial vegetative propagation, on the 
other hand, is not satisfactory because 
of the well defined rest period needed 
by the roots. Whether propagation is 
by seeding or by sprouts from the 
rhizomes, cultivation between the rows 
is desirable, and the rows should be 
maintained about two feet apart. 


Other Considerations. Agroecologi- 
cal studies must be taken into considera¬ 
tion in appraising the results obtained so 
far in cultivating A. syriaca and in pur¬ 
suing such cultivation in the future. 
Its wide natural range points almost 
certainly to the existence of ecotypes, 
and some of these may be very impor¬ 
tant in developing this species as a crop. 
In Kansas alone, for instance, there are 
over 60 species of Asclepiadaceae, and 
that State, therefore, should be very fer¬ 
tile in yielding various strains. This 
applies also to the closely related species, 
A. Kansana and A. speciosa. 

In addition to the greater suitability 
of particular ecotypes, there are, of 
course, the factors of temperature, soil 
composition and bacterial content, hu¬ 
midity, etc. These may have accounted 
for some of the negative results obtained 
in attempts to grow the plants in such 
separated areas as Alabama, Maryland 
and North Dakota from some of the two 
million pounds of seed obtained during 
the war in the processing of the floss. 

Economics of Production 

According to the author \s personal 
observations (3-5), which are in accord 
with those of others who have given 
study to the matter (10, 11, 19), an acre 
of land should theoretically produce one 
milkweed plant for each square foot, or 
a total of 43 560 plants. On the pre¬ 
sumption that the dry weight of each 
stalk would be about one-eighth of a 
pound and that the stalks consist of 10% 
bast fiber and 90% woody fiber, an acre 
of plants would yield 5,445 pounds of 
dry stalks which would break down to 
544. pounds of bast fiber and 4,901 
pounds of woody.material. The yield of 
pods per acre, on the basis of two pods 
per square foot of land and varying ac¬ 
cording to the size of the pods, would 
range from 1,089 to 1,742 pounds. 
Three pods per square foot would pro- 
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(luce from 1,634 to 2,614 pounds, aecord- 
iiip: to size. 

From 100 pounds of green pods there 
(^an be produced 12.5 pounds of oven- 
dry floss, 23.4 pounds of oven-dry seeds, 
and 18.8 pounds of oven-dry pod shells. 
On the basis of two pods per square foot, 
each acre would yield 136 to 237 pounds 
of floss per acre; three pods would give 
204 to 326 pounds; and the average 
would be 225 pounds of floss, 450 pounds 
of seed, and 335 pounds of pod shells. 

These three products would find a re¬ 
ceptive market in various industries, 
and the revenue to be realized from them 
is estimated thus: 

225 pounds of floss {(v $0.43, 
the average price in 1948 
and 1949 . $ 96.75 

450 pounds of seed @ $0.05, 
the average pri(*e in 1948 
and 1949 . 22.50 

544 pounds of bast fiber, con¬ 
taining 90% cellulose for 
producing synthetic fibers, 

(ip $0.04, the price of com¬ 
parative raw materials . .. 21.76 

5,236 pounds of woody fiber (4, 

901 from the stalks, 335 
from the pod shells) (o'! 

$9.00 per ton, the average 
price of similar material 23.40 
Total estimated revenue per acre $164.41 

The above total represents the value 
of raw iiiaterial obtainable from an aver¬ 
age acre and allows anqde margin for 
processing on the part of industry with 
a profitable return to the farmer wdien 
compared with the average yield of other 
crops, especially on submarginal lands 
ideally .suited to milkweed but not favor¬ 
able for such other crops. 

Summary 

The venture into industrial harvest¬ 
ing, processing and utilization of milk¬ 
weed during World War II established 
the following facts: 


a) That the principal products of in¬ 
dustrial value to be obtained from milk¬ 
weed plants are floss from the seeds 
borne within the seedpods, and bast fiber 
from the stalks to serve as a source of 
cellulose. 

h) That by efficient .separation of 
floss from seeds and podshells, the next 
most important product, the seeds them- 
.selves, wdiich are a potential source of 
oil, can be obtained without significantly 
increased cost. 

c) That wax, to the extent of 5% by 
weight, can be extracted from the pod- 
shells as a third by-product in obtain¬ 
ing the principal product, floss. 

d) That, since the main products, 
flo.ss and fiber, are bulky, the plants 
must be })roduced as an agricultural 
crop and not collected from wild-grow¬ 
ing material. 

c) That these main products can be 
obtained by mechanized separation, the 
milkweed gin doing the work of 1.500 
men at hand labor. 

/) That there are established markets 
for the main products—floss, fiber, seed 
—once their value in competition with 
similar products is accepted. 

(j) That if mechanization can be ex¬ 
tended to planting, cultivating and har¬ 
vesting the cro]i (pods and stalks must 
be collected .separately), we shall have 
a comx)letely mechanized industry that 
will contribute much toward meeting the 
world’s ever in(*reasing demands for 
plant products. 

Ji) That the rubber obtainable from 
the latex, and considered by other in¬ 
vestigators in tlie United States, Canada 
and Ru.ssia as the most important prod¬ 
uct to be obtained from milkweed, is 
only of minor value and can scarcely 
be seriously regarded as a potential 
source of industrial rubber. 
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Utilization Abstracts 


Bamboo Paper Pulp. Experiments arc 
being conducted in Guatemala to supplement 
the citronella (Cyrnhopogon Nardus) bagasse 
now used in the paper mill at Ijos Cerritos 
with pulp obtained from an introduced spe¬ 
cies of bamboo, Bamhtisa vulgaris. This in¬ 
vestigation was begun in March, 1949, with 
nursery plantings of this Madagascan species 
which, since its introduction of unknown 
date, has spread throughout most of the well- 
watered parts of the country from sea level 
to altitudes of around 5,000 feet. {For. Agr. 
/.V: 143. 1949). 

Bamboo Blowgun. In June, 1949, Dr. 
Bassett Maguire of the New York Botanical 
Garden returned after nearly eight months 
exploration for plants in Venezuela. Among 
the approximately 12,000 herbarium speci¬ 
mens Avhich he brought back were speciuMuis 
of the giant blowgun bamboo, Arundinaria 
Schomhurgkiiy onl.y the lowermost internode 
of which, sometimes attaining a length of 20 


feet, has been used by the Indians of a single 
remote jungle tnbe, the Maquiritares, for 
their blowguns. Specimens of this giant 
grass had not been brought out of South 
America since the plant was discovered by 
Robert Schomburgk in 1839. It was located 
on Cerro Marahuaca and is known to the 
Indians as ‘‘curata^^, to the Venezuelans as 
‘^coriza”. 

«The Piarora Indians, north of the 
Maquiritares, are the only ones in this 
region known to make curare, the poison 
with Avhich their neighbors tip their blow¬ 
gun darts. Extensive trade goes on in these 
two products, both between these tribes and 
with others, all the way across the continent, 
until both blowguns and curare from the 
seldom-visited villages of these Venezuelan 
Indians are found in the markets of British 
Guiana and other east-coast countries.” 
(Jour. N. Y. Bot. Garden 50: 164. 1949). 
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Introduction 

During the recent war, with rubber 
imports from the Par East largely cut 
off and the Allied stockpile of crude rub¬ 
ber dipping to 45,000 tons in 1943, the 
United States Government expended 
considerable effort and money to pro¬ 
cure rubber from any and all sources. 
Even after production of synthetic rub¬ 
ber had become well established, a crit¬ 
ical need was felt for certain percentages 
of crude for compounding with the syn¬ 
thetic. Moderate amounts of plantation 
Tlevea rubber were still obtainable from 
Ceylon, India and Africa, and in North 
America elaborate but largely fruitless 
programs were set up to obtain rubber 
from guayule (Parthenium argentatum 
Gray), a shrub of the American South¬ 
west and northern Mexico, and from the 
Russian dandelion {Taraxacum kok- 
saghyz Rodin), seed of which had been 
obtained from Russia. In Haiti a socio¬ 
logical-rubber production program was 
initiated by the ill-fated Board of Eco¬ 
nomic Warfare in an attempt to obtain 
rubber on a large scale from two rubber- 
containing vines of Madagascar, Crypto- 
stegia grandiflora R. Brown and C. mada- 
gascariensis Bojer. Throughout Central 
and South America every effort was 
made to obtain rubber from wild sources. 
Procurement of Ilcvea rubber from the 


Amazon valley, the original center of 
rubber production, was pressed, and the 
tapping of wild Cast ilia trees was again 
undertaken in Central America and 
western South America. Both Castilla 
and wild Ilcvea rubbers were well 
known, and the tremendous operations 
directed toward their procurement dur¬ 
ing the war need not be reviewed here. 
Jt might be mentioned, however, that 
Hevea has been introduced and culti¬ 
vated in various parts of eastern Brazil, 
])articularly in the State of Maranhao 
and in south coastal Baia near Ilheus. 
A few minor plantings of several trees 
only are located in other eastern and 
northeastern States of Brazil. The 
plantings in Baia have been largely for 
cacao shade, ex(*ept that since the war 
there has been some effort to establish 
rubber plantations there in their own 
right. The Maranhao plantings were 
made for the most ])art shortly after 
the turn of the century during the first 
rubber boom. In isolated marshy areas 
^they have seeded naturally to such an 
(‘Xtent as to maintain open stands. In 
Serra de Baturite, Ceara, there has been 
very sporadic cultivation of Castilla. 

Little or nothing was known, however, 
of manicoba and mangabeira rubbers, 
the trees of which grow wild extensively 
over the eastern half of South America. 
The basic facts concerning these two 
sources, so. painfully and sometimes ex- 


1 Pronounced maii-i-so-ba and mang-a-berir-a. 
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pensively gleaned during the war years 
by a corps of North American tech¬ 
nicians operating in South America are 
assembled in this article. During the 
period 1943-1945 the writer personally* 
visited at least once, every major pro¬ 
ducing area for manicoba and manga- 
beira in South America, and later corre¬ 
lated information on these areas as 
Senior Field Technician of the Non- 
Amazon Division, Rubber Development 
Corporation. Since the many reports 
are now ^4ost’’ in (lovernment files, it 
may be useful to review and summarize 
the over-all picture of secondary rubber 
production in eastern South America. 

MANICOBA RUBBER 

Of the two types of rubber to be dis¬ 
cussed here, manicoba rubber, from vari¬ 
ous species of Manihot (Euphorbiaeeae), 
is of the better quality and ordinarily 
of the greater importance. Untreated 
manicoba crude rubber, naturally co¬ 
agulated, has proven exceedingly endur¬ 
ing, lasting for years with inconsequen¬ 
tial deterioration under ordinary ware¬ 
house conditions. Manicoba rubber ap¬ 
pears somewhat more resinous than does 
Htvea rubber, but tests by Government 
laboratories on numerous samples from a 
variety of sour(fes indicates inherent 
quality of the first order. Indeed, could 
manicoba be as economically produced 
as Hevea, by methods assuring a clean 
product, and in continuous large volume, 
there seems no doubt that it would be 
fully acceptable in rubber industries 
today using Ilevea crude. Rubber con¬ 
tent of manicoba latex is reported at 
15-30%, with resins 3-15%. One spe¬ 
cies, Manihot Glaziovii Muell-Arg., has 
in the past been introduced from north¬ 
eastern Brazil into East Africa for rub¬ 
ber production, and both M. Olaziovii 
arid M. dichotama Ule were at one time 
experimentally introduced into Hawaii 
and various parts of the Par East. The 
comparative smallness of the trees, their 


consequent lesser yields, and a horny 
outer bark inadaptable to precision tap¬ 
ping, rather than inferiority in rubber 
produced, were the factors mitigating 
against manicoba ^s success in competi¬ 
tion with Ilevea, 

Manicoba Habitats 

The various latex-yielding species of 
Manihot occur throughout the semi-arid 
caatinga region (3, 6) of northeastern 
Brazil. In most cases the smallish trees 
are found on intermediate slopes and ele¬ 
vations, particularly near the base or on 
the lower slopes of the small mountains 
(serras) or buttes common to most of 
northeastern Brazil. Apparently these 
hills afford wind protection and some 
subsoil moisture in a subxerophytic en¬ 
vironment. Seldom do the lactiferous 
types occur along river valleys or on 
ridge or plateau tops. Stands are apt 
to be scattered into several nuclei wdthin 
any one State, but may occur wdth fair 
frequency, up to 25 trees per hectare, 
within these nuclei. By and large they 
exhibit xerophytic adaptations, the most 
troublesome from the rubber production 
viewpoint of which is the horny im¬ 
pervious outer bark w^hich hinders tap¬ 
ping. The climate of the region is 
marked by prominent rainy and dry 
seasons. During the latter, our late 
summer and autumn months, manicoba 
trees characteristically lose their foliage 
and often become so “dry’’ that tap¬ 
ping becomes unprofitable. During the 
few* months of rains the manicobas leaf 
»out and grow very rapidly. They are 
seldom tapped during the rainy season 
because of agricultural demands on labor 
and partly because of rain fouling the 
latex. Further pertinent mention of 
habitats will be made as the individual 
species are taken up. 

Manicoba Species 

The genus Manihot is very unsatisfac¬ 
tory from the taxonomic standpoint. 
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Fig. 2, Some practiced and possible tapping schemes with manicoba and mangabeira rubber 
trees. 
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There occur a great many variable 
forms, and intergradation between these 
is rampant. Tens if not hundreds of 
species occur wild (or naturalized? 
about habitations) throughout north¬ 
eastern Brazil. For the State of Baia 
alone some 90 native species of Manihot 
were listed by one of the older German 
systematists, and although this number 
is undoubtedly excessive, even a con¬ 
servative taxonomist would have little 
reticence in recognizing one-fifth to one- 
tenth this number. The majority of the 
species are not lactiferous, and scant 
attention has ever been given them. 
Even the lactiferous species, of some 
economic importance, have not been gen¬ 
erally collected nor intensively studied. 
The famed manioc,'*^ or cassava {M. 
esculenia Crantz) is known by hundreds 
of strains and forms, the relationships 
of which have never been adequately 
worked-out. There need be little won¬ 
der, then, that considerable confusion 
exists as to just which ‘^species’’ is con¬ 
cerned in production and where ranges 
of overlapping species occur. Bach spe¬ 
cies to be discussed in subsequent para¬ 
graphs must be regarded as a plexus of 
similar variants centering about a cer¬ 
tain type or confined to a given region. 
All degrees of intergradation to other 
species can usually be found, and marked 
differences in yield among individual 
trees expected. As a rule, it is less con¬ 
fusing to refer to the manicobas by their 
common names, based mostly upon local¬ 
ity, gross similarity in appearance and 
tapping response, than to the latin name 
which cannot as yet be precisely delim¬ 
iting. 

Piaui Manicoba: M, piauhyensis Ule 
(northern part of range), M, kept a- 
phylla Ule (southern part of range), and 
perhaps other minor species. M. hcpta- 
phylla is sometimes rather arbitrarily 
spoken of as “Sao Francisco manicoba’’, 

2 Extensively discussed by the present author 
in Economic Botany 1: 20-25. 1946. 


but in the trade is not distinguished 
from Piaui production, and is tapped 
and handled in the same fashion. Piaui 
manicobas are rather low, small to mod¬ 
erate, monoecious trees, with a smoothish 
birch-like bark, gnarled and spreading 
branches, and five to seven palmately ar¬ 
ranged leaflets. M. piauhyensis usually 
has the leaflets more or less entire and 
with an ashy-green cast, w’hile M. hepta- 
phylla usually has sinuate lobations to¬ 
ward the tip of the leaflet and a pur¬ 
plish-green bloom. The trees possess a 
very marked taproot, the source of latex 
upon tapping. Piaui manicoba is the 
westernmost of all lactiferous manicobas. 
It occurs from northern and western Pi¬ 
aui east into southwest Ceara, and south¬ 
ward into western Pernambuco and 
Baia. Its heaviest concentration is in 
central and southern Piaui where it 
is a prominent element of the flora in 
the most vast of all manicoba nuclei. 
Within this large nucleus occur many in¬ 
termittent stands. The area is one of 
sandy soils, hot sun, scrub forest and 
low, rounded hills, on the sides of which 
occur the trees. The sparse and disease- 
ridden population of the area is with 
few material comforts and poor and un¬ 
certain contact with the outside world. 
During the d*ry season even a mule is not 
to be had for transportation, because of 
lack of forage enroute. Feudal customs 
still exist, and the traditions of banditry, 
vengeance and independence of national 
mandate have not entirely disappeared. 

Ceara Manicoba: M. glaziovH Muell- 
Arg. This is the largest of the mani¬ 
cobas in favorable environments, some¬ 
times attaining diameters of 75 cm. d.b.h. 
The bark is rather thick, distinctly zoned 
into a soft lactiferous inner bark and 
horny outer bark.. The leaves are pal¬ 
mately lobed with three to seven, though 
usually five, leaflets, having a grayish 
bloom. The trees attain their most luxu¬ 
riant proportions in the comparatively 
moist Baturite and Maranguape serras 




Yio. 3. Manihot dichotoma. A. Flowering branch. B. Bract.Jtf piaukyensi^ 

1 _u Th niiiQf<»r V.. Bract. F. Bracteole. G. Male flower. H. Stamens. 
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just south of Fortaleza, Ceara. Very dif¬ 
ferent in dimension but presumably of 
the same species, are the small spindly 
trees of the rocky, dry bases of the serras 
near Sao Francisco and Sobral and the 
south slopes of the Serra de Uruburetama 
in western Ceara. This nucleus exhibits 
the opposite extreme in tree size and 
vigor from the condition found near 
Fortaleza. On the northern slope of the 
Serra de Uruburetama; in west-central, 
south and eastern Ceara; and in western 
and central Rio Grande do Norte, other 
serras offer habitat for trees of inter¬ 
mediate size and vigor. All Ceara mani- 
coba is trunk-tapped by a variety of 
techniques. The area as a whole is arid, 
although perhaps not quite so inhospi¬ 
table as is southern Piaui. The people, 
largely of mixed Buropean-Tndian blood 
with very little negro influence, are 
among the most industrious and tena¬ 
cious of northern Brazil. As in Piaui, 
the entire economy is built about utiliz¬ 
ing and storing the wet-season rains, and 
drought years wreak considerable hard¬ 
ship. Transportation is better than in Pi¬ 
aui, with a rail line and a dirt highway 
traversing the State of Ceara, and pass¬ 
able highways being found in Rio 
Grande do Norte. 

Jequie Manicoba: M, dichotoma Tile. 
The third and last of the markedly dis¬ 
tinctive lactiferous manicoba types is 
Jequie manicoba, found in a small con¬ 
centrated nucleus about 75 miles long on 
the west slopes of the Serra de Maracas 
just west of Jequie, Baia. Jequie mani¬ 
coba is a slender but rather tall tree with 
a very characteristic di- or trichotomous 
branching. With but little experience it 
is possible to spot M, dichotoma in the 
scrub forest, leafless during the dry sea¬ 
son, by its distinctive outline. The outer 
bark is horny, but not as markedly so as 
with Ceara and Piaui manicobas. As 
with the former, trees are trunk-tapped. 
Leaves are three to five-lobed with a 
grayish cast. Here too climate is semiarid 


with distinct wet and dry seasons. Soils 
are generally sandy-clay, not so rocky as 
in Ceara and Piaui. The population of 
the area, usually bearing a proportion of 
negro blood, is sparse, for as in Piaui the 
carrying capacity of the land is low. A 
tradition of autonomy and rugged aus¬ 
terity has persisted but is giving away 
as the rail link with the coast permits 
greater intercourse and commerce. 

Exploitation Progress and 
Possibilities 

Piaui Type. Of the three manicoba 
types described, Piaui manicoba is the 
least systematically exploited and the 
most poorly evaluated. This is, of 
course, a direct reflection of the isolated 
and inaccessible localities in which it is 
found. Almost all tapping is carried on 
by illiterate unsupervised local inhabit¬ 
ants of the caatinga, if and when fancy 
pleases, and more or less conforming to 
demand and prices paid. Tai)pcrs may 
organize into gangs to spend weeks in 
the hills tapping, or more frequently 
may make daily trips from a permanent 
habitation. Wants are simple—a few 
shreds of (dothing, a sack of farinlia 
(manioc), occasional wild game and the 
humblest of shelter suffice. Pay or 
windfalls in excess of what is needed to 
supply these fundamentals permit idle¬ 
ness during days that might otherwise be 
worked. Ills are frequent and compe¬ 
tent medical care non-existent. Trans¬ 
portation by truck is sometimes possible 
during favorable seasons. More com¬ 
monly it is by mule over roads impass¬ 
able to motor vehicles. Most frequently 
the worker simply trudges on foot. 
Scarcity of transport means poor selec¬ 
tion and high prices for the few manu¬ 
factured’ articles brought in. Supplies 
are frequently insufficient. It has never 
been possible to accurately evaluate the 
stands of manicoba over the entire area, 
but, estimating from selected samplings, 
it would seem that manicoba is enebun- 
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tered with moderate frequency in a 
fairly uniform series of clusters center- 
ing about the rather indistinct serras. 
It is not unreasonable to suppose that 
more than 50% of all usable wild trees 
were located and tapped during the war 


years, with the terrific pressure for rub¬ 
ber that existed then. Under most vig¬ 
orous exploitation production from wild 
sources can never amount to more than 
a few hundred tons annually. 

Ceara Type. Ceara manicoba is much 




248 


ECONOMIC BOTANY 


better known and more accessible than is 
that of Piaui. Transportation, supply 
and labor difficulties are not so great. 
In most localities perhaps 90% of the 
worthwhile trees were tapped under 
wartime pressure. Production of not 
more than 500 tons annually of all 
grades is possible from wild sources. 
Since this area has been treated by Cut¬ 
ler (2) in some detail, it is unnecessary 
to dwell further upon it here. 

Jequie Type. Jequie manicoba, being 
confined to a comparatively small section 
of the State of Baia, can be the most 
accurately evaluated of all manicoba 
stands. Labor is unavoidably scarce, 
due to low carrying capacity of the land. 
Quoting from my Rubber Development 
Corporation Report 15 of March, 1944, 
on the Jequie area: There is more of a 
labor shortage north of the Rio de Con- 
tas than in the southern section. The 
opinion most often expressed by dealers 
is ‘give us a goo(i price and we will find 
plenty of labor’. In other words, exist¬ 
ing labor needs continuous ‘organizing’ 
into a functioning unit. It seems that 
the situation is much the same as that 
found in Maranhao, where the fact of 
‘underpopulation’ is used as an excuse 
for a number of things, but where there 
are sufficient idle hands to accomplish a 
great deal, if set to a particular task. 
True, the municipality of Maracas, for 
example, is ‘underpopulated’, (as well it 
might be, for, banditry aside, . . , ser- 
tao country in its present state of devel¬ 
opment cannot support much of a popula¬ 
tion . ..), but the barraconista of Salgada 
finds no difficulty in getting 40 men to 
working rubber when it looks like profit¬ 
able business. Nor do many fazenda 
owners and merchants report a shortage 
of workers. In most cases where there is 
a shortage of workers the reason is that 
the country cannot support more. Thus, 
before any idea of introducing laborers 
to such a zone is considered, what is go¬ 
ing to happen to them must be thought- 


out. It is not merely a simple matter of 
transporting so many souls to a given 
locality. . . . Housing, food, water, con¬ 
tentment, jealousy of other inhabitants, 
animals, tools, clothing, communication, 
sufficient and enduring source of liveli¬ 
hood, etc. are each as significant to the 
worker as rubber. There are a great 
many facets that go to make up life or 
even existence anywhere, many of which 
are not foreseeable; and it is especially 
risky to tinker with the natural balance 
of life in a marginal area where a small 
error in calculation may have far-reach¬ 
ing and disastrous effects. Thus any im¬ 
portation of rubber labor to the Maracas 
area should be done cautiously, prefer¬ 
ably under the guidance and at the re¬ 
sponsibility of an established individual 
of the area, and in small quantity of a 
few workers at a time. 

Labor working rubber in the Jequie 
region is the same that also must do ag¬ 
ricultural wT)rk during the rainy season, 
i.e., it is diverted to rubber work when 
nothing more pressing or desirable is at 
hand. Competing enterprises against 
rubber for labor, other than the neces¬ 
sary agricultural work, are work on Fed¬ 
eral road and railroad projects, and ex¬ 
traction of ouricouri wax . . .”. 

Due to a thick impenetrable scrub un¬ 
dergrowth, necessitating cutting one’s 
way to the manicoba tree, not all high- 
yielding trees were tapped even under 
wartime pressure. Along the Rio de 
Contas valley and south of this perhaps 
90% of all trees were tapped, while to 
the north in the municipalities bordering 
Maracas perhaps 60-70% of the trees 
were exploited. Production of Jequie 
sheet from wdld sources cannot exceed 
800 tons annually. 

Tapping Methods 

Since each tapping scheme varies with 
the species in question and in accordance 
with local custom, few general state¬ 
ments can be made. With all lactiferous 
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plants, yields are best in the cool of early 
iiiorningf, so that tapping is best started 
at daybreak and not continued past 
noon. The dilference in yield between 


alone is ordinarily tapped. Occasionally 
a few longitudinal cuts are also made on 
the lower trunk, but even illiterate tap¬ 
pers seem to realize that the small addi- 



Fig. 5 {Upper). A gang of Piam rubber tappers hi manicoba countrj". 
Fig. 6 {Lower). Small dealers holding dried Jequie sheets of rubber 
ready for export. 


early and late tapping is not so marked 
with manicoba, however, as with manga- 
beira. 

Piaui Manicoba. With Piaui mani¬ 
coba, unlike all other types, the root 


tional yield thereby gained is not com¬ 
pensatory because of permanent damage 
to the tree. The tapping routine, in 
brief, is as follows. A hole is dug in the 
sandy soil at the base of a selected tree. 
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This is ordinarily done with the tail end 
of the elongate tapping tool (lega) and 
exposes the prominent taproot. The hole 
is lined with a chalk-like dust (taba- 
tinga) to prevent undue adherence of 
sand grains to the latex soon to fill the 
hole. A crescent-shaped gash one-third 
encircling the upper part of the taproot 
is made with the U-shaped head end of 
the lega. Flow of latex is immediate and 
lasts for several minutes. Under ideal 
conditions with high-yielding trees 100 
cc. or more latex may accumulate in the 
dust-lined hole where it coagulates natu¬ 
rally within 12 to 48 hours. Typically 
the tree is visited again two days later, 
and the cake (chapa) of rubber removed 
or a second tapping made on top of it. 
In northwestern Baia tapping is daily 
for two weeks, then one set of trees let 
idle two weeks while another group of 
trees (estrada) is tapped, after which 
the first is again tapped daily. Ordinar¬ 
ily two, but sometimes several, tappings 
may be made to produce a final good-size 
chapa. Each tapping is made by renew¬ 
ing the cut of the bark on the lower edge 
of the original crescent. A slice of bark 
a few millimeters wide and completely 
td the wood is ordinarily removed with 
each tapping. Thus, as tapping pro¬ 
ceeds, the hole must be dug progressively 
deeper, or a new hole must be dug on the 
opposite side. In the course of a tapping 
season, from the end of rains until the 
height of the dry season, a good part of 
the taproot of the manicoba is apt to be¬ 
come devoid of bark. It is no wonder, 
then, that mortality among trees is high, 
with few surviving many years of tap¬ 
ping. 

Ceard Manicoba. Ceara manicoba is 
tapped in several manners, depending 
upon differing environmental conditions 
and partly upon custom. Cutler (2) has 
described and figured the different tap¬ 
ping systems of Ceara, so that only brief 
mention is necessary here. With the 
large trees of the Serras of Baturite and 


Maranguape near Fortaleza, V-shape 
notches up to 15 cm. across are typically 
hacked with a machete, and a tin latex 
cup inserted in the bark below the angle 
of the V. On large trees several cups 
may be placed, with yields of several 
cubic centimeters of latex to each cup. 
Subsequent cuts are made a centimeter 
or so below the previous one, until the 
series of tapping wounds runs to the 
base of the tree. Thereafter a new series 
is started in an adjacent bark area. 
Tapping is typically daily except for 
weekends, holidays or rainy days. Je- 
bong tapping, as practiced on the Hevea 
plantations of the Far East, is possible 
but not practical because of the care that 
is needed. Amazonas panels (slanting 
y)arallel cuts with narrow strips of bark 
between) have been tried but have never 
been widely accepted. 

Trees of drier localities, such as near 
Assare and in eastern Ceara-western liio 
Grande do Norte, may simply be hacked 
with a machete, and the exuding latex 
let drip over the bark. At two-week in¬ 
tervals the strings of eoagulated latex so 
prodxiced are hand i)icked from the bark 
to be sold as tear drop (ehoro) rubber, a 
low quality low-price type. In the drier 
parts of the Serra de Uruburetama of 
western Ceara and the 8erra de Sant¬ 
ana of Rio Grande do Norte, where trees 
are extremely small and climate arid, en¬ 
tire sections of bark are hacked from the 
small trees. At about two-week inter¬ 
vals the choro rubber is picked from the 
edges of the wound or from drippings on 
.the bark. With the small yields obtain¬ 
able this system of bi-weekly visits is the 
only practical one over the rough ter¬ 
rain. 

Certain moderate size trees of the 
Serra do Machad6 west of Caninde and 
elsewhere are treated somewhat as is Pi- 
aui manicoba. A tabatinga-lined hole is 
dug at the base of the tree, but instead 
of tapping the root, vertical saliences of 
the lower trunk are opened, resulting in 




Pia. 7 (Ppper left). Joquifi tapping knife and Jequi« manicoba tree at first tapping. 

* (Ppper nght). Herring-bone tapping of a large mangabeira tree in northern Para- 

guaj. 

w.„ o A .Tponiii manicoba tapper and his son. 
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sufficient flow to form a ehapa plate. 
Tapping is at irregular intervals, and re¬ 
newal cuts are made at the margins of 
the old wound. 

Jequie Manicoba. The tapping sys¬ 
tem practiced in the Jequie area is 
rather unique for manicoba and greatly 
resembles a refined form of that used 
with chicle (Achras zapota, chewing 
gum) in northern Central America. It 
is severe but perhaps the most feasible 
for the area where daily or even weekly 
tapping is impractical. Again I quote 
from my Report 15 of March, 1944: 
‘‘The technique of tapping Jequie mani¬ 
coba presents an interesting case of the 
powerful influence of custom and teach¬ 
ing on the habits of a region. Other 
than the fact that back before the first 
rubber boom Frank introduced the pres¬ 
ent system of tapping on a region where 
nothing was known of manicoba or rub¬ 
ber tapping, there is no apparent reason 
why this distinctive system, different 
than that used in every other manicoba 
district of Brasil, should have caught on 
in preference to others. There seems no 
logical reason why tappers should today 
insist on using a cylindrical ‘canuto^ 
thus having to slice by hand a cylindri¬ 
cal-shaped coagulum, when flat coagulat¬ 
ing pans or any available vessel would 
serve equally well or better. Frank was 
a rubber pioneer in a field that was new: 
he inaugurated a system he thought 
good, both for dequie and Hawaii. This 
system is undesirable from some stand¬ 
points, highly desirable from others. 
The system caught-on (there being nq 
knowledge of others, hence no choice), ‘ 
has ‘stuck’ ever since. Father has 
taught son for three generations the de¬ 
tails of the Frank tapping technique, 
and now even should change be desired, 
the biggest—(propaganda barrage) — 
would scarcely sway the system with 
roots so ingrained in the custom and 
economy of the region. We can well be 
thankful that Frank was an intelligent 


man, introducing a system that produces 
a product superior to that of any other 
manicoba region. And for the Jequie 
region, who can say (without years of 
experimentation) but that it is the best 
all-around system. 

“The Jequie system of tapping is— 
shown—. The entire tree, from upper¬ 
most branches to base of trunk, is tapped 
by a series of zig-zag cuts by the tapper, 
who climbs the tree or may boost a boy 
up for tapping the higher parts. Usu¬ 
ally these zig-zag cuts do not meet, but a 
small area of bark is left between them 
over which the latex runs, being caught 
below by the following cut or cuts. 
This, when practiced, is, of course, help¬ 
ful to the tree in that the conducting sys¬ 
tem of the tapped bar^: is not entirely 
disrupted. 

“If intelligently done, this tapping is 
practiced only on one half of the tree: 
a continuous panel of untapped bark will 
remain on the back side. Tappers have 
found that if tapping is done on all 
sides, the tree will die. 

“At the base of the trunk a large 
V-cut is made (usually three-fourths 
around the tree), to act as a final channel 
for catching all latex dripping from 
above and for conducting the latex to 
the single latex cup located at the vertex 
of the V. 

“The tapping cuts are made with a 
small knife locally made. This knife has 
a small curved handle just large enough 
to fit the palm of the hand, a sharp, very 
narrow V-shaped head somewhat like 
that of the Hyde modified Amazonas 
knife. The tapper, descending the tree 
from above, makes the zig-zag cuts with 
a series of quick sweeping thrusts. 
These cuts reach to the wood, certainly 
must be damaging to the tree (especially 
considering the large number made at 
one tapping: the bark of a tree, being 
gashed open from top to bottom, de¬ 
mands much of the tree for good heal¬ 
ing). 
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trees previously tapped, espe¬ 
cially deep cuts (often into the wood) 
must be made in order to insure flow 
down the channel of the new cut, rather 
than drip into old channels. On heavily 
tapped trees many extra cuts must often 
be made to conduct dripping latex into 
proper channels. 



Fig. IJ. Mangabeira trees on Boirelni 
Island, Bain. 


^‘In cases Avhere the descent of the 
tapper is not rapid enough to reach the 
base of the tree before the flow of latex 
from the upper branches, he may tem¬ 
porarily locate a latex cup high on the 
trunk to catch this latex. After continu¬ 
ing the tapping channels to the base of 
the tree, he withdraws this latex cup, 
emptying its contents into the one lo¬ 
cated at the base of the trunk. If fur¬ 
ther tapping is then still required on the 
higher parts of the trees to conduct latex 
properly to the base, the tapper covers 
the basal cup with a hat to avoid having 
cuttings of bark fall into it. 

‘ ‘ Latex continues to flow from the tap¬ 
ping cuts for about five minutes, anytime 
after which the latex can be collected. 
In practice the tapper taps as many 
trees as he has latex cups (usually about 


35), then returns in the reverse order to 
gather the latex (last tree tapped first 
visited on return). Sometimes he may 
send a boy to gather the latex’’. 

Coagulation of Latex and Treatment 
of Coagulum 

In all cases manicoba latex is let co¬ 
agulate naturally without addition of 
any coagulant. Coagulation is normally 
rapid and seldom takes 24 hours. Quite 
probably oxidation and evaporation are 
more effective in causing coagulation 
than is acidification by fermentation, for 
thin layers of latex will coagulate within 
a few minutes before any microbial ac¬ 
tivity could be overly influential. After 
coagulation the coagulum is cleaned if 
nece.ssary, then dried in the shade for a 
few (lays to several weeks before selling. 
Ultimate price received will depend 
largely upon cleanliness and degree of 
dryness. Frequently large chunks of co¬ 
agulum are cut to facilitate drying. Top 
grades of manicoba crude permit no 
more than 18% moisture. 

Piaui chapa. As has been described, 
this is rubber coagulated in the taba- 
tinga-lined hole at the base of the tree. 
Any serum (supernatant liquid left by 
the coagulum) is absorbed by the taba- 
tinga and soil, so that disagreeable fer¬ 
mentation odors are of less intensity 
than with cup-lump. If the hole is care¬ 
fully lined with the chalky tabatinga 
dust, practically no sand adheres to the 
coagulum. The dust that does adhere 
and any (ihanee grains of sand are 
washed off by severe brushing and scrap¬ 
ing under water. The chapa is then 
dried and marketed. Irrespomsible tap¬ 
pers often try to load the chapa with 
sand, for purchase is on a weight basis. 
This is commonly accomplished by kick¬ 
ing sand over the chapa between tap¬ 
pings. Buyers soon learn to watch for 
such tricks, and usually cut large or sam¬ 
ple (?hapas before consummating pur¬ 
chase. 
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Ceara cup-lump. Where latex cups 
are used to collect latex, as in the Serra 
de Baturite, barring afternoon rain, the 
latex coajfulates in the cup. Unless yield 
is very large subsequent tappings are let 
flow on top of earlier ones until Satur¬ 
day when the cup-lump is removed for 
drying. Serum has no escape and typi¬ 
cally ferments to create extremely foul 
odors. Cup-lump coagulum is clean, 
however, provided no bark or debris is 
introduced into the cup during tapping, 
and of very high quality. Little or no 
washing is necessary, but drying may be 
slow unless the cup lumps are sectioned. 

Ceara choro. C'horo is the dirtiest 
and tackiest of all manicoba rubber. It 
has been mentioned that coagulation oc¬ 
curs directly on the unprotected bark or 
at the edge of wounds. Fragments of 
bark unavoidably adhere to the rubber 
as the tears and scraps are torn loose. 
Moreover, these rubber scraps have re¬ 
mained exposed to the sun for many 
days, a condition conducive to tackiness. 
In normal times there is little market for 
choro, and even during the war great 
stress was laid on washing and creping 
this type. Such cleaning was accom¬ 
plished in Brazil at market centers (For¬ 
taleza and Natal) by passing the choro 
fragments between two differentially ro¬ 
tating rollers while a stream of water 
played over the mass to remove loose 
dirt. Large machines are needed, and 
the process is too expensive to be eco¬ 
nomical under ordinary circumstances. 

Jequie sheet. Highest quality of all 
manicoba rubber is Jequie sheet. The 
preparation process can be outlined by> 
continuing my Report 15 quote: 

‘‘The latex cups are then emptied into 
the ‘canuto^ a cylindrical, locally made 
vessel holding from 3-5 liters of latex. 
All latex is swept from the latex cup into 
the canuto with the flat of a finger. If 
the latex of some cups should be par¬ 
tially or wholly coagulated it is emptied 
into the canuto nevertheless (latex of 


some trees seems to coagulate more rap¬ 
idly than that of others). 

“The canuto of latex is left to coagu¬ 
late naturally. Coagulation may occur 
in as little as a few hours, especially if 
latex is left in the sun, but 12 hours is 
considered more or less the average 
length of time needed. Smaller quan¬ 
tities of latex in open latex cups may co¬ 
agulate within an hour’s time. The co¬ 
agulation point seems to be reached more 
or less abruptly after a certain period of 
organic reaction during which the latex 
expands and foams. The coagulum set¬ 
tles to the bottom of the canuto, and 
a colorless supernatant serum remains 
above. This serum, in the cases seen, 
amounted to roughly 15-20% of the 
original volume of latex. It is of no 
value and is poured off^by the tapper. 

“The coagulum is emptied from the 
canuto onto a board or mat where it is 
‘rotarily’ sliced by hand. For this slic¬ 
ing any sharpened knife or machete 
serves. The sheet resulting from this 
treatment is still quite soft and wet. It 
is therefore rolled about a stick, being 
manipulated to press out excess serum. 
Afterwards the sheet may be passed 
through a cylinder, if such is available, 
to further express liquids. It is then 
hung in the shade to dry. 

“At this stage the sheets are classed 
as ‘borracha da semana’ and are still wet 
enough to undergo up to 50% shrinkage 
before a thoroughly dry sheet is ob¬ 
tained. The tapper sells his rubber to 
the ‘barraconista’ or other dealer in the 
‘borracha da semana’ condition. Occa¬ 
sionally this rubber may be lightly 
smoked. 

“When this rubber reaches the ware¬ 
houses of the dealers it is hung on racks 
for further drying, where it may re¬ 
main for a number of weeks. In Mara- 
eas all rubber received is washed over¬ 
night in water to soften the resins and 
to wash off dirt, then cylindered on ade¬ 
quate machines and later racked for dry- 
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ing. The rubber when well dried is where necessary, to be paid-for in rub- 
ready for shipment to Salvador”. ber. Rubber becomes currency, and so- 

„ . many kilos of rubber are worth so-many 

Handling and Marketing ^^her necessities. The 

Most manicoba rubber is bought in barraconista, the local buyer or capital- 
the interior by the barraconista system, ist, sells supplies at as high a price as 
This is particularly true of Piaui ehapa. possible, and pays in produce as little as 
Small dealers in the remote villages or possible for rubber. The.se small dealers 
ranches, typically agents of larger ex- accumulate quantities of rubber suffi- 
porters, advance supplies to tappers cient for shipment, and in turn sell to 



Fia. 12 (Upper). An interior taboleiro, typical of Minas 
Geraes and Baia, Brazil, where much mangabeira is found. 

Fig. 13 (Lower). A eanuto for collecting Jequi4 manicoba 
latex (right) and naturally coagulated coagulum (left) after re¬ 
moval from the eanuto. 
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larger exporters. Usually they dry the 
rubber to attain a higher grade and 
cheaper shipping. 

The rubber is then usually sent by 
mule train to larger interior cities where 
agents of larger exporters may further 
elean or dry it before shipping, usually 
by rail, to the large ports. Principal ex¬ 
port ports are Fortaleza, Ceara and Sal¬ 
vador, Baia. The system of large series 
of middlemen profiting at the expense of 
the tapper did not sit well with some 
North American ijoliey makers during 
the war. It was soon proven, however, 
that maximum production at reasonable 
cost could be obtained only by working 
within established channels. Each mid¬ 
dleman was useful in forcing someone 
further down the scale to keep produc¬ 
tion going. 

The Manicoba Stands 

Mention has already been made of the 
tremendous variability within the four 
species of manicoba discussed. There is 
also variability in yield between individ¬ 
uals of the same species, and between 
these species and “manicoba brava’^, i.e., 
wild manicoba, worthless for rubber. 
All degrees of intergradation in yield 
and morphological characteristics can be 
found between lactiferous and “brava"' 
types. 8o similar are some non-lacti- 
ferous si)ecimens to high-yielding adja¬ 
cent trees that it is a common sight to 
see trees experimentally cut by hopeful 
would-be tappers. Trees so marked with 
a few experimental cuts are soon aban¬ 
doned. In some eases after a few tap¬ 
pings giving unsatisfactory yields a tree 
will become productive enough to be 
worth future attention. This is due to 
the phenomenon of wound-response, so 
well known in Hevea. Yields from a 
newly tapiicd tree gradually increase to 
a plateau during the first several tap¬ 
pings. Illiterate manicoba tappers fre¬ 
quently are seen to “amansar’’ (tame) 


the wild trees by means of several pre¬ 
liminary woundings before engaging in 
serious tapping. 

Unfortunately little has been done to 



Fig. 14 {Upper), Tapping the root of Piaiii 
manicoba. . 

Fig. 15 {Lower). Young Piaui manicoba 
tree in a cleared area. 
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select stock and improve yields as has 
been done with Hevea. During the first 
rubber boom many plantings of mani- 
coba were made in Ceara, in northwest 
Baia and in the Jequie area. Several 
million manicoba trees are reported to 
have been planted in northeastern Brazil 
during the first decade of this century. 
Plantings were made also in East Africa 
and the Far East. But the bubble soon 
burst, and little remains today of the un¬ 
attended plantings, usually away from 
the natural environments best suited to 
the species. Many plantings were cut 
for fuel or to clear the land again for 
agricuJture. Thus there was no oppor¬ 
tunity for constant selection and propa¬ 
gation from selected varieties. Most of 
the original plantings seem to have been 
made from unselected seed with no pos¬ 
sibility of yield prediction. Plantings 
made from cuttings gave high mortality, 
but even with this kind of propagation 
no marked program of selection was fol¬ 
lowed. Even the meager plantings initi¬ 
ated during the recent war apparently 
utilized the cuttings not thoroughly se¬ 
lected for yield. 

Heavy tapping during the war un¬ 
doubtedly caused worsening of the wild 
stands. Quite naturally high-yielding 
trees received most frequent and heavy 
tapping, resulting in death to a large 
percentage. It is probable that in heav¬ 
ily exploited districts as much as one- 
third or one-half of the best yielding 
trees liad been killed or were moribund 
by 1946. Not only were these trees 
themselves eliminated, but their pre¬ 
sumed utility to transmit high-yielding 
characteristics to offspring was thus cut 
short. It would appear that only intelli¬ 
gent planting programs can assure sig¬ 
nificant manicoba production for the 
future. 

MANGABEIRA RUBBER 

Mangabeira rubber is obtained from 
several strains of a single species of Han- 


cornia, H. speciosa Gomes, of the Apocy- 
naceae. This species occurs in the wild 
only, scattered in almost all States of 
Brazil south and east of the Amazon val¬ 
ley and in northeastern Paraguay. In 
some locations it attains robust propor¬ 
tions, diameters up to 50 cm. d.b.h. and 
heights of 15 m. In others it is a spindly 
willow-like dwarf, usually compensating 
for its small stature by greater fre¬ 
quency. The bark is thick and soft, pos¬ 
sessing a conspicuous cork-layer in old 
age. It is easily cut with even a dull 
tool. Latex vessels occur in the inner 
bark, and once severed, unlike those in 
manicoba, drain the latex in a sudden 
gushing flow for considerable distances 
to each side. Several weeks or months 
are required to regenerate new latex suf¬ 
ficient for a second tapping, and in dry 
years only a single tapping may be fea¬ 
sible. Mangabeira branches are typi¬ 
cally gnarled and drooping. The simple, 
opposite, elliptic leaves have character¬ 
istic parallel secondary veins. The white 
flowers are perfect, small, fragrant, 
borne towards the tips of the finer 
branches. The fruit is a large greenish 
berry, becoming brownish or reddish 
when ripe. Mangabeira latex was in 
heavy demand during the war years, al¬ 
though this rubber is of inferior quality 
and less dependability than that of 
manicoba or Hevea. Resin content is 
usually 10-13% in comparison with the 
usual 4-5% for Hevea. The latex has 
also been locally used for waterproofing 
cloth, as a rubber cement, and reportedly 
as a tonic. The persimmon-like fruit is 
highly esteemed when ripe. 

Mangabeira Habitats 

Mangabeira appears to be restricted to 
poor, porous, sandy soils in localities of 
moderate to moderately low rainfall. 
Such areas are marginal grassy forests, 
sparse parklands or savannah, studded 
with a loose stand of trees, mostly man¬ 
gabeira, cajii (Anacardium, the cashew) 
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and various representatives of the Dille- 
niaceae, Malpighiaceae and other fam¬ 
ilies. Mangabeira predominates on 
flat-topped elevations, known as “tabo- 
leiros'', having the characteristics just 
described. These taboleiros, or table¬ 
lands, occur intermittently in a narrow 
belt along the sea coast from Para and 
Maranhao, through Piaui, Ceara, Rio 
Grande do Norte, Paraiba, Pernambuco, 
Alagoas, Sergipe and Baia to Espirito 
Santo. Paradoxically they are further 
found in the interior far from the coastal 
environment, but again midst similar 
ecological and soil conditions. Interior 
taboleiros are located in Maranhao, Pi¬ 
aui, southern Ceara, and extensively in 
western Baia, Goiaz, Minas Geraes and 
Mato Groso. Small stands are found 
to the south in northern Sao Paulo and 
northern Paraguay. 

In most of these locations agriculture 
is impossible. Grazing of cattle on open 
range may be practiced in the more hab¬ 
itable portions. In the latter case an 
unfortunate concomitant is the annual 
dry-season burning-over of the land. 
Belief has it that such burning somehow 
improves the grass. It does cause tender 
new leaves to arise, perhaps more palat¬ 
able to cattle than the coarse dry stalks, 
but humus is lost, the soil impoverished 
and arborescent vegetation set back. 
Only thick-barked woody species sur¬ 
vive; mangabeira in such areas may be 
25 years old and not more than five cen¬ 
timeters in diameter. Practically no 
passable roads exist over the loose sand, 
nor is there sufficient labor available to 
make and keep up roads. Living condi¬ 
tions are of the most primitive sort. 
Only the poorest of Indian and negro- 
blooded people occupy the area. Sup¬ 
plies are almost non-existent, and food 
and water must usually be hauled in by 
mule or by human carrier. 

The tappers of mangabeira on the 
more isolated taboleiros lead a semi- 
nomadic life. Rude mud and stick huts 


are thrown up for nightly protection, 
while all members of the group or fam¬ 
ily scour nearby localities for manga¬ 
beira, hoping also to find sustenance— 
wild fruit, such as cajti, and occasional 
game. Once accessible trees have been 
tapped the group moves on to other loca¬ 
tions, for at best mangabeira can be 
tapped only three or four times per 
season. 

Tapping Techniques 

Mangabeira must be tapped in the cool 
of the morning to give profitable yields. 
Flow is noticeably less after midday and 
towards the end of the dry season. The 
latex is white or pinkish, and the rubber 
produced becomes reddish on the exposed 
surfaces. Mangabeira tapping is so com¬ 
pletely unsupervised and practiced by 
illiterate people antagonistic to innova¬ 
tion that techniques largely follow local 
custom with little regard for improve¬ 
ment. The more prominent generalized 
techniques can be mentioned here, but 
it must be remembered that local modi¬ 
fications or exceptions to these occur 
frequently within the ranges specified. 

Some of the worst tapping occurs in 
the backward State of Maranhao, Brazil, 
and neighboring Piaui. There longitu¬ 
dinal gashes, or scrapings to thin the 
bark, followed by a series of incisions 
cause latex to exude and flow down the 
trunk. This latex may be gathered by 
a spoon and emptied into a gourd as it 
flows, or even let accumulate in a hole 
at the base of the tree. One such tap- 
..ping makes the tree unfit for any future 
tapping and often kills it outright. 
Even roots are sometimes tapped there 
and in isolated localities along the Baia 
coast as well. 

A more rationarprocedure is practiced 
in the coastal areas of Ceara-Baia, al¬ 
though even here local haphazard gash¬ 
ing is not uncommon. A V-channel is 
pared in the outer bark only, and a 
knife-edge cut made at the center of this 



MANICOBA AND MANGABEIRA RUBBERS 


259 



Fig. 16 {Upper left). Rolling Jequio eoagulum to express water after 
it has been sliced to sheet thinness with a machete. 

- Fig. 17 {Upper right). A badly scartnl and therefore nearly worthless 
mangabeira tree of the west Piaiil-Maranhao zone in Brazil. 

Fig. 18 {Lower). Degas, or tapping tools, for Piaui manicoba root 

tapping. 
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channel to the wood. Several such V^s 
may be made at intervals on the trunk 
and lower branches. The knife edge cut 
then severs the latex vessels, permitting 
sudden copious flow into a tin latex cup 
or molded leaf inserted in the bark just 
below the angle of the conduction chan¬ 
nel. Very similar is the technique 
usually employed on interior taboleiros 
in western Baia, Minas Geraes, Goiaz, 
Mato Groso and southern Ceara. Spe¬ 
cially designed knives with a U-shaped 
head on one end and a knife-edge on the 
other are employed. A conducting chan¬ 
nel is made in the outer bark by the 
U-shaped head, followed by severance to 
the wood with the knife-edge. Unfortu¬ 
nately many careless tappers cut all the 
way to the wood with the U-head, caus*- 
ing wounds that are slow to heal. At 
times longitudinal connecting gashes are 
made between V-channels, so that one 
latex cup may serve two or more tap¬ 
ping locations. 

In Paraguay and parts of Mato Groso 
and scatteringly elsewhere, a herring¬ 
bone system of tapping is used on the 
large trees. An elongate but shallow 
vertical channel is made into which run 
Several lateral channels from all parts 
of the tr^e. The channeling is done with 
a U-headed knife and is followed by 
knife-edge cuts all the way to the wood, 
made with any available blade. Two to 
four panels of this type are typically 
opened on the lower trunk, upper trunk 
and larger branches. The lateral chan¬ 
nels are inclined about 45°. At the base 
of the vertical channel a tin can is in¬ 
serted in the bark to catch the draining 
latex. The same vertical channels will 
serve for several tappings, merely by 
cutting new laterals. Interval between 
tappings is typically about six months. 
With this system as iquch as five liters 
of latex can be obtained at a single tap¬ 
ping from a large tree, but a more usual 
amount would be not more than one liter 
at the first tapping. With the small 


trees of the coastal taboleiros, 100 ce. of 
latex per tree would be an exceptional 
yield. In some coastal areas (Bsplanada, 
Baia) it is necessary to make a continu¬ 
ous spiral cut from base to tip of the 
small trees in order to get enough latex 
to one-fourth fill a single latex cup. 
Such spiral tapping or a zig-zag modifi- 



PiG. 19. A mangabeira tree near Ituveraba, 
Sao Paulo, with multiple tappings, as evidenced 
by the several latex-collecting cups on the 
trunk. (Courtesy of Dr. H. C. Cutler). 

cation of it are the dominant tapping 
methods throughout Sergipe. 

Latex Coagulation 

Contrary to the simple natural co¬ 
agulation of manicoba latex, coagulation 
of mangabeira latex offers many possible 
procedures, and many uncertainties. In¬ 
tensive study was directed during the 
war years towards finding the most suit¬ 
able coagulation procedure, but no con¬ 
clusive results were obtained. For one 
thing, mangabeira latex from different 


MANICOBA AND MANGABEIBA RUBBEE8 


261 


localities gives dilferent quality coagulum 
with the same coagulant. For another, 
treatment of the coagulum after coagu¬ 
lation may have more influence than the 
means of coagulation. Certain graders 
seem to favor rubber coagulated by one 
means, while other graders favor an¬ 
other. All-in-all, the most efficient pro- 


was intentionally practiced during the 
war only scatteringly, for mangabeira 
latex is notably slow to coagulate nat¬ 
urally, requiring days or even months 
to do so. In a few cases tins of latex 
have been ‘‘forgotten’', or left in a truck 
many days in the sun to coagulate nat¬ 
urally. In all cases of natural coagula- 



Fio. 20 {Left). Good V-tapping and cup collection of innngabeira latex near Axixd, Mar- 
anhao, Brazil. 

Fig. 21 (Right). Typical tapping of manicoba (Manihot GJaziovii) south of Fortaleza, 
Cear4 (Maranguape). The small machete in the cutter’s hand was used to make the V-cut, and 
healed cuts from previous tappings are visible on the trunk. (Photos courtesy of J)r. IT. C. Cutler). 


cedure for the undependable stubborn 
labor is to employ the least expensive 
and simplest materials. In some locali¬ 
ties fine quality mangabeira results, no 
matter which coagulation technique is 
used. In others the rubber invariably 
turns tacky in short order. The various 
coagulation procedures consist of nat¬ 
ural fermentation, boiling and use of 
alum, salt, acid, various unusual chem¬ 
icals or smoking. 

Natural Coagulation. This procedure 


tion wdiieh have come to the author’s 
attention, the rubber so produced was of 
excellent quality. 

Boiling. Boiling is most commonly 
practiced on the east coast of Brazil, 
and here and there in Minas Geraes and 
Goiaz. Latex, preferably strained and 
sometimes diluted, is boiled over an open 
fire with constant stirring. As pockets 
of uncoagulated latex form within the 
coagulum they are exploded by the 
stirrer. Within a few minutes a soft 
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thick coajyulum forms, containing in ex¬ 
cess of 50% water. Boiling may be ac¬ 
complished in any kind of container, and 
in isolated taboleiros is usually in crude 
earthen pans. To form a higher grade 
product, such soft coagulum must be 
pressed free of excess water. In buying- 
centers water is expressed by passing the 
coagulum between cylinders similar to 
the wringer of a washing machine, while 
on the taboleiros this is commonly ac¬ 
complished by stamping on it. Heat-co¬ 
agulated latex was generally found more 
acceptable than other types by the Sal¬ 
vador grader during the war years. 

Alum. Alum, or alum plus salt, is 
one of the most frequently used means 
of coagulation of mangabeira latex. Co¬ 
agulation is instantaneous, giving a good 
workable coagulum with the use of very 
little alum. Bxpellation of excess water 
^is necessary as with boiled coagulum and 
is accomplished by stomping, rolling 
with a stick, bottle or roller, or in Para¬ 
guay by perforating the coagulum with 
a multitude of fine holes. Before coagu¬ 
lation the latex should be thinned (one 
to two parts of water to two parts of 
latex) to permit straining of any debris 
from it. Copper screen should not be 
used for straining, for copper is detri¬ 
mental to all types of rubber. Seldom 
do local peoples use a measured concen¬ 
tration of alum. A small handful of 
crystals to a few-liter container of latex 
is about as precise as the measurement 
ever is. On the large supervised ranches 
in Paraguay li tablespoons of alum plus 
IJ tablespoons of salt were used with* 
a liter of water to make a coagulating 
solution. This solution was poured over 
the filtered latex and worked in with the 
fingers until coagulation occurred. The 
serum left after coagulation was reused 
wdth the next batch of latex. Dijfferent 
latiees in different parts of Brazil seemed 
<0 require different concentrations of 
alum to effect coagulation. Although 
alum is available in much of Brazil and 


a favorite for mangabeira coagulation 
through most of the interior, graders 
discouraged its use, feeling that alum- 
coagulated rubber had a greater tendency 
to turn tacky. I have seen crude rubber 
from Maranhao and Paraguay coagu¬ 
lated with alum, however, that remained 
exposed to air for years without a trace 
of tackiness. 

Salt Use of salt as a coagulant has 
most of the advantages and disadvan¬ 
tages of alum. It is not so quick nor 
thorough in effecting coagulation as is 
alum, and labor is likely to use excessive 
amounts which possibly cause acceler¬ 
ated deterioration of the rubber. Co¬ 
agulation is best done in non-metallic 
containers, for a blue dye, produced by 
tannins of the latex reacting with iron, 
stains the coagulum when it is left for 
the prolonged period necessary with use 
of modest quantities of salt. Salt co¬ 
agulation has been commonly practiced 
on the Ceara coast, and scatteringly on 
interior taboleiros in Brazil. At times 
sea water has provided the salt solution 
(Boipeba island, Baia). Solutions lo¬ 
cally prepared contain one to two cups 
of salt dissolved per liter of water, one 
cup of which is used to coagulate a liter 
of latex. 

Acid. Various acids will cause coagu¬ 
lation of mangabeira latex, but results 
with locally available acids are uncer¬ 
tain, and this method of coagulation is 
seldom employed where other means are 
possible. Juices of lemon, lime and vari¬ 
ous wild fruits have been tried. The 
-.sap of caxinguba (Ficus anthelmintica 
?) is reported useful, but seldom is this 
wild fig found in association with man¬ 
gabeira. Oxalic acid was found to give 
coagulum of good vulcanization and 
strength qualities, but unfortunately 
large quantities of this comparatively 
expensive ingredient must be used, so 
that the system has never become prac¬ 
tical. Sulphuric and hydrochloric acids 
are reported usable if care is taken, but 
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even then there is floculation of the possible, however, for it is unknown and 
coagulum in processing. unobtainable in the remote districts 

Other Chemicals. Other chemical co- where mangabeira rubber is produced, 
agulants have never proven practical in The same is true of various other re- 



y ~ V _ . , . M _^ 


Figs. 22-24 (Uppers and Lower left). Three views of tapping a typical mangabeira tree of 
the taboleiros near Corumba, Goiaz, Brazil. 

Fig. 25 (Lower right). Straining mangabeira latex prior to coagulation. Cascavel, Cear4. 
(Photos courtesy of Dr. H. C. Cutler). 

production of wild rubber. A chemist agents; none is suitable unless locally 
assigned to study mangabeira latex co- abundant, cheap and simply utilized, 
agulation during the war advocated use Smoking. The smoking of raanga- 
of ammonium chloride, among other co- beira latex by a process similar to that 
agulants. Use of this chemical is im- used in connection with Hevea latex 
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from the wild, was stressed for a time, 
but the tediousness and excessive labor 
of the process make it unacceptable to 
mangabeira tappers. 

Handling and Marketing 

Handling of mangabeira is much more 
difScult than is that of manicoba. In 
even a few weeks time the rubber is apt 
to deteriorate markedly, becoming tacky 
and inelastic. This appears to be more 
common with mangabeira from the 
coastal areas of Brazil, particularly if 
salt- or alum-coagulated, than with 
mangabeira from Paraguay or interior 
Brazil. It was found during the war 
that mangabeira rubber kept continually 
moist kept better than rubber racked or 
otherwise exposed to air. Many dealers 
kept mangabeira sheet in tanks of water 
until a few days before shipment. Be¬ 
cause of the tendency towards deteriora¬ 
tion, quick turnover of mangabeira is 
advisable. It is a tricky rubber, and 
its quirks are not always predictable, 
nor their cause known. 

Marketing of mangabeira is similar to 
that of manicoba. Local buyers or 
agents purchase or trade from isolated 
tappers at as low a price as possible. 
Usually rubber so purchased has an ex¬ 
tremely high moisture content (60- 
70%), and must be further dried or 
squeezed to attain higher grade status. 
Grading of mangabeira is largely a ques- 
tion of moisture content, for if the latex 
has been caught in cups and strained 6. 
before coagulation, there is little chance 
of many impurities being present. A. 
series of middlemen eventually send the ‘ 
rubber to the port cities where large ex¬ 
porters distribute it to manufacturing 8. 
centers. In peace time little demand 
exists for mangabeira except locally. 
During the war years production could 


never be pushed to 1,000 tons annually, 
and sustained production of even a few 
hundred tons annualfy for all of South 
America would be difBcult. Certainly 
mangabeira can never compete with 
Hevea on the world market, in quantity, 
quality or price. To the best of my 
knowledge no mangabeira plantings have 
ever been made. The tree appears too 
slow-growing and demands too special 
an environment to lend itself to planta¬ 
tion practices. 
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World Production and Consumption of 
Millet and Sorghum^ 

Millet and sorghum are important food grains in 
many foreign countries, but they are almost unknown 
for this purpose in the United States. World pro¬ 
duction of these two grains averages almost a third 
of the production of wheat, almost half of the pro¬ 
duction of rice, and slightly more than the produc¬ 
tion of rye. Asia, Africa and the Soviet Union 
produce most of the millet and sorghum grown in 
the world. 
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Importance 

Millet and sorghum are grown and 
used as food by millions of the inhabit¬ 
ants of the earth. They are cultivated 
by more than one-eighth of the farmers 
in the United States, but are little known 
to other Americuiiis because they are 
usually consumed where grown and do 
not enter in any large volume into in¬ 
ternational trade. A large part of the 
millet and sorghum of the world is pro¬ 
duced in Asia, Africa and the Soviet 
Union where most of it is consumed as 
food. Much of it is grown where the 
seasons are too short, or where the cli¬ 
mate is too hot or too dry, for other 
grains to succeed well. World produc¬ 
tion of millet and sorghum for the period 
1934 t- 1938 averaged about 50,300,000 
short tons annually, compared with 171,- 
000,000 short tons of wheat, 110,300,000 
short tons of rice, and 47,500,000 short 
tons of rye. 

Millet and sorghum have come to be 

^ Contribution from the Bureau of Agricul¬ 
tural Economics and the Bureau of Plant In¬ 
dustry, Soils, and Agricultural Engineering, 
United States Department of Agriculture. 

® Agricultural Economic Statistician and 
Senior Agronomist, respectively. 


looked upon as ‘‘poor man’s cereals”, 
and some writers refer to them as “in¬ 
ferior” grains. Probably the principal 
reason for these aspersions is that some 
kinds of them have a rather strong taste. 
When people are given free choice, they 
seem to prefer such cereals as wheat and 
rice which are bland and mild of taste. 
Studies of the nutritive value of sorghum 
and millet show that they compare fav¬ 
orably in this respect with other cereal 
grains. In some countries the poorer 
natives sell rice or wheat which com¬ 
mand a higher price and consume the 
cheaper “coarse” grains. 

History 

Millet and sorghum are among the 
oldest of the cereals, and in the ancient 
world they were common bread grains. 
Millet was used as food in prehistoric 
times, and little is known concerning its 
origin. Some students believe that it 
was the first cultivated crop, having 
been grown in the so-called IIoe-Age 
which preceded the Plow-Age. Its use 
as a food in India, China and Egypt 
began before there were written records. 

In ancient and medieval times millet 
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was grown in most of the known world, small quantities are grown now in west- 
During the Middle Ages it was one of ern Europe where it is used mainly for 
the principal foods of the poor people poultry feed. In eastern Europe millet 
of Rome and of Europe generally. Dur- it still served as a food in the form of 
ing the 19th century millet was gradu- porridge and fiatbread, or used for mak- 
ally superseded in western Europe by ing alcoholic drinks. Large quantities 
wheat, rye, rice, maize and potatoes are grown and used as food in China, 
which usually produce higher yields India, Manchuria, Africa and the Soviet 
than does millet. Development of yeast- Union. 
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Fig. 1. The annual world production of millet during 1934-1938 averaged about 26 mil¬ 
lion short tons. More than 22 million tons were consumed as food, and about 1.5 million were 
fed to poultry and livestock. China, India, Manchuria, the Soviet Union and French West Africa 
were the principal producing and consuming countries. 

raised bread was partly responsible for Sorghum was grown in Assyria as 
this eclipse in western Europe, for millet , early as 700 B.C. Pliny wrote that 
does not have some of the qualities re- sorghum was brought to Rome from 
quired for making a good raised bread. India, and it was long believed that In- 

At present, millet's share in world pro- dia was its original home. It has not 

duction of cereals is less than in the been found growing in a wild state in 

past, since it has been gradually re- India, and it is now thought that it origi- 

placed in most occidental countries by nated in Africa. Doubtless, it has been 
other foods, especially wheat and corn, grown in Africa for several thousand 
and, to some extent, by potatoes. Only years. Sorghum apparently did not 
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reach China until the 13th century A.D. 
In recent times sorghum apparently has 
resisted, better than millet, replacement 



Fig. 3. The compact panicle of Early For¬ 
tune prose, another variety of Panicum 
miUiacevm, 


by other crops. In some areas it has 
made gains, sometimes at the expense of 
millet. In India and Manchuria pro¬ 
duction of sorghum has been greatly 
expanded in recent years. 

Some Botanical Aspects 

Although millets and sorghums are 
distinct crops and are so recognized by 
the natives of Asia and Africa, they are 
often confused in the minds of Euro¬ 
peans. Thus the British introduced the 
term ‘‘millet’’ to India where now all of 
the sorghums and millets are grouped as 
millets by agricultural authorities. In 
Australia broomcorn, a sorghum, is 
called “broom millet”. A small-seeded 
sorghum introduced into the West In¬ 
dies from Africa during the days of 
slave importation is still grown there 
under the French name “petit mil” 
(little millet). In Germany the millets 
and sorghums bear the name “Hirse” 
with various prefixes to indicate the par¬ 
ticular kind. The sorghums (kaoliangs) 
of China have often been referred to by 
English-speaking peoples as “tall mil¬ 
let”. Even in the United States one 
variety of sweet sorghum is named 
“African millet”. 

Millets and sorghums have certain 
characertistics in (tommon. They are all 
annual, warm weather grasses; are 
short-day plants, i.e., are stimulated into 
early flowering by short photoperiods; 
and sorghum and at least some of the 
millets are nitropositive, i.e., stimulated 
to early flowering by ample available 
nitrogen. Both sorghums and millets 
have much smaller seeds in proportion 
to the size of the mature plant than do 
the small grains and maize. This re¬ 
sults in relatively smaller seedlings and 
consequently seemingly slower growth 
until the young plants attain some size. 
Then the growth curve rises sharply. 
Another characteristic' in common is 
that in germinating, sorghum and at 
least some of the millets produce only a 
single seminal root instead of three or 
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more, as in corn and the small grains. 
The young plants of both sorghum and 
millet contain toxic quantities of prussic 
acid under certain conditions. 

Morphologically and taxonomically, 
millets and sorghums are quite distinct. 
The sorghums are all members of one 
genus {Sorghum) in one tribe (Andro- 
pogoneae) of the grass family, whereas 
the millets include several genera in two 
tribes (Chlorideae, finger millet; Pan- 
iceae, other millets). Most millets ex¬ 
cept pearl millet usually range from 
one to four feet in height. Sorghums 
may be as short as two feet or as tall as 
•JO feet. Sorghum is not described in 
detail here because of an excellent re- 
(‘erit article on the genus in this journaP. 
Sorghums include grain sorghum with 
dry or non-sweet stalks; sorgo or sweet 
sorghum with abundant sweet juice, 
grown for forage, sirup, or for ‘‘chew¬ 
ing^ broomcorn, grown for its long 
brush fibers; and Sudan grass and other 
grass sorghums grown for hay and pas¬ 
ture. 

The seeds of some sorghums have a 
‘‘waxy or glutinous’^ endosperm, con¬ 
taining only a particular type of 
l)ranched (*hain starch (‘ailed “ainylo- 
pectin^\ These varieties are used for 
making special food delicacies in Asia, 
and on a small scale for foods, adhesives 
and industrial products in the TTnited 
Stat("s. Certain varieties of the proso 
type of millet also have glutinous seeds. 

Kinds of Millet 

Nearly all grasses, except the common 
(‘ereal crops of which the seeds have been 
used for food, sometimes have been called 
millets. Those most properly regarded 
as millets belong to six genera: Panicum, 
Setaria, Echinochloa, Eleusine, Penni- 
set uni and Paspalum. The principal 
millet species of the large Panicum genus 
are proso {P. miliaceum L.), also called 

Karper, R. E. and Quiiihy, J. R., “Sorghum 
■—Its Production, Utilization and Breeding,“ 
Economic 6otany 1 (4) : .155-371. 1947. 



Fig. 4. The spike of Ainu (foxtail) millet, 
a variety of Sctaria italica, cultivated by the 
aboriginea of Japan. 

“broomcorn millet‘^hog millet'^ and 
“Ilershey millet’’; little millet of India 
{P. miliare Lam.); and browntop millet 
(P. ramosum L.) which is sown for feed- 
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ing game birds in southeastern United 
States. 

Pasture and hay grasses of the genus 
Panicum include switchgrass (P. virga- 
turn L.), widely distributed in the United 
States; vine-mesquite (P. obtusum 
H.B.K.) and Texas millet (P. texanum 
Buck.) of the southwestern States; 



Fio. 6. Bpikes of pearl millet, Pennisetum 
glaucum. 


Guinea grass (P. maximum Jacq.) of 
Africa; and Para grass (P. purpurascens 
Raddi) of Africa, tropical America and 
southeastern United States. The seeds 
of several other species of Panicum are 
gathered for food in India. 

Millets of the genus Panicum are one 
to four feet in height, have rather open 
panicles, and the seeds are slightly flat¬ 
tened. The seeds of proso, which thresh 
out enclosed in the hulls or glumes, are 
about 1/10 inch in length. The chaff or 
glumes of different varieties may be 
w^hite, cream, yellow, orange, red, gray, 
green, brown anel nearly black. The 
hulled seed is creamy in color. Some 
varieties have erect, open, tree-shaped 
panicles; others have erect, short- 
branched, compact panicles; while still 
others have long-bram^hed, nodding pani¬ 
cles. The principal varieties of proso in 
the United States are Yellow Manitoba, 
Turghai, Early Fortune, Red Russian, 
Hansen White Siberian and White 
French. Hundreds of varieties are 
grown in other parts of the world. 

Foxtail millet (Setaria ifalica (L.) 
Beauv.) includes such varieties as (Com¬ 
mon, Hungarian, German or Golden, 
White Wonder, Siberian and Kursk, 
grown in the United States. Numerous 
varieties are grown in China, Manchuria 
and Russia. The plants are one to four 
feet in height. The seed is borne in 
bristly cylindrical spikes whi(*h range in 
length from two to 12 inches. The seeds 
are more slender and somewhat shorter 
than those of proso. The hulls which en¬ 
close the threshed seed may be yellow, 
orange, green or gray. The hulled seed 
is of a creamy color. 

Japanese Barnyard millet {EchinO’ 
chloa crusgalli frumentacea (Roxb.) 
Wight), formerly exploited as “Billion 
Dollar grass”, differs from the grassy 
weed barnyard grass {Echinochloa crus¬ 
galli (L.) BeauV.) in having awnless 
spikelets borne in thick appressed 
racemes. It is usually three to four feet 
tall. The spikelets are concave on one 
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side and are borne on one side of each Gaertn.), also called “rapri’’, ‘‘birds-foot 
branch of the rather compact panicles, millet“coraean millet” and ‘‘African 
A related species, Echinochloa colonum millet”, is cultivated for food in Africa 
(L.) Link, is the Shama millet or Jungle and southern Asia. The plants are two 
rice of India. to four feet in height. The spikelets are 

Finger millet {Eleusine coracana (L.) borne in two rows along one side of the 



Fig. 6 (Upper), A good crop of foxtail millet (Setaria italica) drying somewhere in China, 
previous to the heads being detached and threshed, and the stalks stored for thorough drying. 

Fig. 7 (Lower), Foxtail millet growing in semi-arid North China where it is an important 
crop, providing human food and forage for work animals. (Photos hy courtesy of B, T. Moyer^ 
U, S, Dept. Agr,, Off. For. Agr. Bel.). ' 
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raehis of the spike. The two to several 
spikes, or '‘finp:ers’', arise at the top of 
the stem. The straw-colored chaff en¬ 
closes small white seeds. 

Pearl or cattail millet {Pennisetum 
(jlaucum (L.) R. Br.) is the crop known 
as ‘'bajra'’ or '‘bajri** in India. This 
larjre grass plant has stems that range 
up to ten feet or more in height and an 


during threshing. Pearl millet, is re¬ 
lated to the perennial Napier grass (P. 
purpureum Schum.), introduced into 
southeastern United States in 1913. 

The koda millet of India, or Ditch 
millet of New Zealand (Paspalum sero- 
hiculatum L.), resembles certain forage 
grasses of the genus Paspalum that are 
grown in southeastern United States, 



Fig. 8. Winnowing threshed pearl millet, Pniniitctiim {jlanatm, in India. 


inch in thickness. The stiff cylindric 
head or spike of pearl millet usually is 
from eight to 18 inches long and about 
one inch thick. The heads are similar 
in size and shape to those of the common 
cattail found growing in shallow waters, 
but they have a beaded appearance re¬ 
sulting from the exposed pearly-white 
seeds. The seeds, which thresh out free 
from the hulls, are much larger than 
tliose of any other millets. Most of the 
seeds of other millets remain in the hulls 


including Dallis grass, Vasey grass and 
Bahia grass. The seeds are borne in 
two rows on one side of the raehis of 
*:.spike-like racemes. 

Environmental Requirements for 
Millet and Sorghum 

Perhaps the m4in reason for the sur¬ 
vival of millet and sorghum as impor¬ 
tant food grains in large sections of the 
earth is that most varieties produce, 
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under conditions of intense heat and 
scanty rainfall, a greater quantity of 
grain than other cereals produce. Sor¬ 
ghum can remain dormant during a 
drought and then resume growth when 
rains come. On the other hand, sorghum 
also thrives and produces much higher 
yields under irrigated or high rainfall 
conditions. Most varieties of millet have 
the additional advantage that they re¬ 
quire only a short growing season. In 
India, where much depends on when the 
monsoon arrives, millet is very valuable. 
If the monsoon comes too late for other 
spring grains, millet may be planted, 
and it is almost sure to produce some 
kind of croj). It is also valuable as a 
second or catch crop. Another advan¬ 
tage is that seed requirements are low, 
since the seeds are relatively small. This 
is important in countries like India and 
China w’here many poor people live on 
the land. Many of them find it difficult 
to save the grain recjuired for the next 
season’s seeding. 

Cattail millet makes a minimum claim 
on soil, but it requires hot weather. It 
grows in a dry light soil and thrives on 
plains that have extended dry periods, 
such as western Ghats and the plains 
of Hajputana in India, and in the Sudan 
near the Sahara. In the United States 
it is confined largely to the humid areas 
of the Southeast. 

Finger millet is a hardy plant that 
grows in almost any soil. In contrast 
with other millets it thrives in a moist 
climate but does not do well where there 
are very heavy rains. It grows at an 
altitude of 6,000 to 7,000 feet on rocky 
soil in the rainy foothills of the 
Himalayas. 

Proso grows farther north than any 
other millet. It thrives in southern and 
central Russia, central Europe, northern 
India, northern China and Manchuria. 
It grows very fast and needs relatively 
little water, but it demands better soil 
than the millets listed above. It is espe¬ 


cially suited to a dry continental cli¬ 
mate, such as that of central Asia. 

Foxtail millet needs fair soil and 
moderate temperatures. 

Barnyard millet is grown chiefly in 
Japan. It is adapted to temperate, 
humid and sub-humid conditions. A 
relative is the guinea grass, a native of 
tropical Africa, wdiich grows eight feet 
tall and yields a nutritious grain. 

Production and Consumption^ 

It is difficult to obtain reliable statis¬ 
tics for millet and sorghum because they 
are grown and consumed principally in 
Asiatic*, and African countries where 
crop reporting has not been developed 
so well as in Europe and America, and 
because they do not enter into interna¬ 
tional trade to any extent. For instance, 
in India where statistics for most crops 
are fairly reliable, a large part of the 
millet and sorghum is grown in the 
native States where (*rop statistics are 
far from complete. In compiling the 
accompanying tables, official statistics 
have been used for those countries which 
publish official figures; when these were 
not available, unofficial estimates have 
been included. However, in large areas 
in Asia and Africa some millet and sor¬ 
ghum are grown and consumed, but no 
statistics are available. Therefore, the 
estimates of total production and con- 

^ Many persons in the Department of Agri¬ 
culture were consulted by Miss Anderson in the 
preparation of her part of the manuscript, es- 
j)ecially O. C. Stine, Assistant Chief, Bureau of 
Agricultural Economics; H. L. Shantz, Collab¬ 
orator, Forest Service; Raymond T. Moyer, 
Naum Jasny, and other members of the Office of 
Foreign Agricultural Relations; Carleton R. 
Ball, collaborator, Extension Service; Bernice 
K. Watt and Annabel L. Merrill, Bureau of 
Human Nutrition and Home Economics; Char¬ 
lotte Ohatficld, Office of Marketing Services; 
Louise Stanley, Agricultural Research Admini¬ 
stration; and George C. Edler and Thomas J. 
Kuzelka, Bureau of Agricultural Economics. 
J. Lossing Buck, writer on Chinese Agriculture, 
read the manuscript, offered suggestions and 
expressed satisfaction that the subject of millet 
and sorghum is receiving attention because of 
its importance as a food for many people of t^e 
world. . 
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TABLE 1 

Millet (grain) : Production, trade and consumption, by countries, average 1934-38. 


Consumption 


Country 

Produc¬ 

tion 

Imports 

Exports 

Seed 

and 

w’^aste 

For food 

4". 


Short 

Short 

Short 

Short 

Short Short p. ^ 


ions 

tons 

tons 

tons 

tons tons ^ 

Asia: 







China . 

. 8,867,000^ 

13,840 

26,335 

620,000 

708,000 7,527,000* 

36 

Japan . 

175,324 

9,225® 


22,000 

70,000 93,000 

3 

Korea. 

693,120* 

161,096® 


106,000 

748,000 

66 

India . 

5,720,282 

434 

5,330 

572,000 

286,000 4,857,000 

27 

Manchuria . 

. 3,206,686 


176,991 

212,000 

212,000 2,606,000 

135 

Turkey . 

48,760 


6,969® 

650 

J 0,450 30,700 

4 

Africa: 







French Equatorial 







Africa . 

435,408® 



44,000 

. 391,000 

223 

Algeria . 

267 

'4,’747 

269 

30 

. 4,700 

1 

Belgian Congo 

19,857® 



2,000 

. 18,000 

4 

Cameroon . 

319,667® 



32,000 

. 288,000 

229 

Egypt 

469,090 

4 

3,398® 

46,400 

. 419,300 

51 

French W. Africa . 

2,243,548^ 

31® 

848^ 

224,300 

. 2,018,400 

270 

French Morocco . 

7,958 

543*. ’ 

3,214" 

480 

. 4,800 

1 

Kenya . 

131,701® 

177® 

26® 

13,400 

. 118,500 

70 

Madagascar . . . . 

618® 

10^ 


60 

. 570 

10 

Tanganyika . 

321,706® 


211® 

32,200 

. 289,300 

110 

Uganda . 

155,308® 

59® 

8® 

15,500 

. 139,900 

75 

Nyasaland . 

231 



20 

. 210 

10 

So. Rhodesia . 

11,706‘* 



1,200 

. 10,500 

15 

Europe: 







Bulgaria ... 

• 8,095 


1,466 

850 

2,000 3,800 

1 

Austria . . 

6,995® 

517« 

4®, 

700 

6,800 . 


Czechoslovakia 

3,097 

6,819 


400 

9,500 ... 


France .. 

10,039 

18,000^* 

400 

1,200 

24,000 2,400 

10 

Greece . 

1,845 

129^® 

34*® 

200 

875' 865 

10 

Hungary . 

8,543 

256* 

1,959 

800 

5,500 500 

30 

Roland ... 

113,655 



11,000 

1,000 101,700 

6 

Rumania . 

41,546 


6,725" 

3,500 

27,300 4,000 

10 

U.S.S.R. 

3,033,155 


1,801" 

303,100 

136,000 2,592,000 

30 

Spain . 

4,582* 

107*.»® 


450 

2,100 2,100 

10 

Yugoslavia 

29,240 

4® 

1,039 

2,410 

25,400 400 

10 

Australia: 

544® 

78* 

57 

60 

506 


South America: 







Argentina. 

60,186® 


26,947 

6,000 

. 27,000 

4 

North America: 







United States 

15,000 

2,621 


1,500 

16,000 . 


Total . 

. 26,164,759 

218,697 

264,031 

2,276,410 

1,543,430 22,299,645"" 



TABLE’ 1 

Production estimates for China from the Statistical Abstract of China, 1940; for Manchuria, 
from 6th Beport on Progress in Manchuria to 1939 (So. Machurian Railway Co.). Estimates for 
British India and Burma from Estimates of Area and Yield of the Principal Crops in India, Vol. 
I and Vol. II, combined with estimates for the Indian States calculated from the reported area 
estimates. Estimates for the Belgian Congo, Kenya, Tanganyika, Nyasdland, Southern Rhodesia 
and Uganda calculated from acreage estimates by H. L. Shantz in Economic Geography, June, 
1940. Estimates for Korea from cable by O. L. Dawson, Agricultural Attach6, Shanghai, Feb¬ 
ruary 16, 1939; U.S.S.R., from official publications. All others from International Institute of 
Agriculture. Consumption for China based on percentage distribution of crops for different uses 
from China Crop Report of the National Agricultural ^search Bureau of Nanking, Vol. VI, No. 
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sumption "iven here are conservative, 
and a(dual production and consumption 
may be considerably larger. Tables 1 
and 2 summarize the information that 
is available concerning world production 
and consumption of millet and sorghum. 

About 90 percent of the worldcrop 
of millet and sorghum is grown in China, 
India, Manchuria, French West Africa 
and the Soviet Union; China and India 
together produce about 60 percent. 
World production of millet is somewhat 
larger than the production of sorghum, 
and is more widely diffused. Of the 
millet crop 88 percent is grown in the 
five countries listed, whereas 90 percent 
of the sorghum crop is grown in the 
first four (Tables 1 and 2). 

It is estimated that average world 
consumption of millet for food during 
the period 1934-1938, was 22,300,000 
short tons, or 85 |)ercent of the total 
crop. About six percent, or 1,500,000 
short tons, was fed to livestock and 
fowls. A smaller proi)ortion of the sor¬ 
ghum crop was used as food, about 18,- 
100,000 short tons, or 75 percent, and 
consum])tion as feed was about 3,900,000 
short tons, or 16 percent. 

Where Grown 

China. Millet and sorghum are staple 
foods in China, and they are grown there 


extensively. It is generally believed that 
the Chinese live on rice, but it is only 
in southern China that rice is the prin¬ 
cipal food of the people. In northern 
China wheat, millet and sorghum are 
the staples. 

Sorghum is grown in many parts of 
China and is called ^‘kaoliang'' which 
means, literally, ‘‘high grain”. In the 
central and western sections of China it 
is known as “shu-shu”. It is estimated 
that 45 to 55 percent of koaliang grain 
utilized on farms is used for foods, and 
about 20 percent for feed. Some of the 
grain is used in making wine and some 
for brandy. Kaoliang stalks, which 
often grow 10 to 12 feet tall, are used 
in a variety of ways—for building fences 
and bridges, the walls, partitions and 
roofs of farm buildings, for weaving 
mats and baskets, and making paper, 
fibers and brooms. In some parts of 
China there is little or no wood or coal, 
and large quantities of kaoliang stubble 
are used for fuel. 

Kaoliang grain is ground into flour 
and groats which are consumed as bread 
or porridge. The well-to-do use kaoliang 
mixed with a large percentage of wheat 
flour for bread-making. Alcoholic drinks 
made from kaoliang are favorites among 
the Chinese people. 

Although kaoliang is grown over most 


10, October 1938. For the U.S.S.R., consumption was calculated on the basis of percentages re¬ 
ported officially. For all other countries, consumption is production less net exports, less seed 
and waste; estimates of seed and waste, feed and food made on the basis of unofficial estimates 
and information received from members of the Office of Foreign Agricultural Relations. 

^ 1934-37 average. The estimate for 1938 is incomplete because of war conditions. 
“Includes 880,000 short tons for other uses^' such as alcoholic drinks. 

® 4-year average. 

* 2-year average. 

® Imports from Manchukuo and China only. 

“ Estimate for 1 year only. 

• 3-year average. 

** Imports from Algeria and France only. 

^ Estimated from trade figures for Kenya and Uganda. 

^'’Less than 0.5 pounds. 

” Half of the amount estimated for millet and sorghum. 

Imports from Manchukuo, Egypt, and Yugoslavia only. 

^•‘Exports to Germany, Yugoslavia, and Czechoslovakia only. 

’*Half of imports of dari, millet, and alpiste, which are not reported separately. 

^“1930-35 average imports or exports. 

Imports from France only. 

Cross total will not check due to rounding. 
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TABLE 2 

Sorghum (grain) : Production, trade and consumption, by countries, average 1934-38 


Consumption 


Country 

^ Hon^ Imports Exports 

Seed 

and 

waste 

For 

feed 

For food 

Total 







capita 


Short Short 

Short 

Short 

Short 

Short 

Pounds 


tons tons 

tons 

tons 

tons 

tons 

Asia: 

(^hina . 

7,648,000^ . 

4,812 

535,000 

1,529,000 

5,579,000* 

27 

Burma . 

67,872 . 

17** 

6,800 

3,400 

57,700 

7 

India . 

7,540,236 434* 

5,330* 

754,000 

377,000 

6,404,000 

35 

Manchuria 

4,420,393 

68,734 . .. 

176,916 

297,000 

6.36,000 

3,310,000 

171 

Syria and Lebanon ... 


6,900 

30,900 

30,900 

17 

Africa: 

Algeria . 

5,766-* . . .. 


600 


5,200 

1 

Belgian Congo . 

13,608** .. . 


1,500 


12.000 

2 

Anglo-Egyptian 

Sudan . 

376,488“ . 


37,600 


338,900 

no 

French W. Africa. 

2,180,000“ . ... 


211,500 


1,968,500 

263 

Dahomey 

1,000,000 
245,000 . . 


100,000 


900,000 


Ivory Coast . 


25,000 


, 220,000 


Senegal . 

650,000 


58,000 


592,000 


Other . 

285,000 


28,500 


256,500 


French Morocco . .. 

40,065“ . ... 

1,480“ 

3,900 


34,700 

11 

Tunisia. 

3,031“ . 

300 


2,700 

2 

Uganda . 

50,085* 

.. . 

5,000 


45,000 

24 

Kenya 

50,000 . 


4,000 


46,000 

27 

Union of S. Africa 

116,747’^ . . 

323 

12,600 


103,800 

21 

So. Rhodesia. 

Europe: 

11,706“ . 


1,200 


10,500 

15 

U.S.8.B. 

160,000 .. .. 


15,000 

35,000 

110,000 

1 

Hungary . 

21,423 


2,500 

9,500 

9,400 

2 

Rumania. 

Spain 

25,373 

823’“ ... 

to 

0*1 

2,000 

100 

15,700 

600 

900 

100 

0 

Yugoslavia. 

3,568 

2,700 

90 

710 

100 


South America: 

Uruguay ... . 

404*1 .... 


40 

360 



North America : 

United States 

1,367,783 


140,000 

1,227,783 



Total . 

24,172,105 434 

198,303 

2,037,630 

3,865,953 

18,069,400’* 



TABLE 2 

Production estimates for the United States from reports of the Crop Reporting Boarci, United 
States Department of Agriculture; for China, from the Statistical Abstract of Cliina, 1940; for 
Manchuria, from Oth Report on Progress in Manchuria to 1939 (So. Manchurian Railway Co.). 
Estimates for British India and Burma from *RBtimates of Area and Yield of the Principal Crops 
in India, Vol. 1 and Vol. 2, combined with estimates for the Indian States calculated from the 
reported area estimates. Estimates for the Belgian Congo, Anglo-Egyptian Sudan and Uganda 
calculated from acreage estimated by H. L. Shantz in Economic Geography, June, 1940; all 
others from Intern.ational Institute of Agriculture. Trade figures from official publications. 
(Vmsumption for China based on percent.age distribution of crops for different uses from China 
Crop Report of the National Agricultural Research Bureau, Vol. O/No. 10, October 1938. For 
the United States, consumption for feed is production minus seed requirements. Consumption 
for all other countries is production loss net exports less seed and waste; estimates of seed and 
waste, feed, and food were made on the basis of unofficial estimates and information received 
from members of the Office of Foreign Agricultural Relations. 

1 1934-37 average. The estimate for 1938 is incomplete because of war conditions. 
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of central, west and north China, and 
in Manchuria, the chief producing prov¬ 
inces are Shantung, llonan and Hopei, 
where about 60 percent of the crop is 
produced. In some parts of China 
where the climate is favorable, two or 
three crops are grown each year. One 
crop is kaoliang or some kind of millet, 
depending on the rainfall. Kaoliang is 
grown extensively in southern Man¬ 
churia, although in recent years soy¬ 
beans have crowded it out in many areas. 
Ill southern Manchuria millet is planted 
in May. A furrow is made in each 
middle between rows of the previous 
year and a man following the plow, 
drops seed from a gourd-kaoliang stalk 
planter. Soil is kicked into the furrow 
to cover the seed and then compacted 
with an oval stone roller drawn by a 
donkey. The harvested millet is placed 
on the threshing floor or ground with 
the heads toward the center and then 
threshed with stone rollers. It is used 
as flour for bread and cakes, or as paste 
from pounded soaked seed, or as boiled 
gruel. Acreage of wdieaf has increased, 
but kaoliang remains an important food 
of the people. In certain sections, such 
as northern Hopei, kaoliang is grown 
extensively. The leaves are used for 
green feed, the grain for food, feed for 
animals, and for making alcoholic 
drinks. 

The kinds of millet cultivated in 
China are mainly foxtail millet, proso 
and finger millet, but no cattail millet. 
Foxtail millet, by far the most impor¬ 
tant, is grown in Hopei, Shantung, 
Honan and Shansi, and in north China 


generally. This hardy plant, which 
grows in many regions where other 
cereals do not thrive, is found in the 
mountainous sections as well as on the 
plains of many parts of China. Proso is 
grown principally in Shantung, Hopei, 
Shansi and Kansu. Sometimes it is used 
in making a kind of wine. Finger millet 
is grown mainly in Shantung, Shansi 
and Szechwan, but not extensively. It 
is often used for beer making for which 
it is well suited. 

India. Millet and sorghum are among 
India’s chief food crops; about 20 per¬ 
cent of the cropland is devoted to their 
cultivation. Production of all millet 
and sorghum averaged 13,260,000 short 
tons in the period 1934—1938, compared 
with 10,980,000 short tons of wheat and 
28,533,000 short tons of rice. Large 
(quantities of wheat and rice were ex¬ 
ported, but practically none of the mil¬ 
let and sorghum. These are consumed 
within the country, mostly as food. 
They are staple foods of a large part of 
the population of India. The stalks, 
straw and some of the grain furnish 
feed for animals and fowls. 

The official statistics of acreage and 
production of millet and sorghum for 
India include only estimates for sor¬ 
ghum (“jowar” or “cholam’O, cattail 
millet (‘^bajra’’) and finger millet 
(“ragi^’), which are the principal va¬ 
rieties grown. Several other millets are 
grown, but there are no acreage and 
production estimates for them. Jowar is 
the most important of the three crops 
mentioned above, the production aver¬ 
aging 7,540,000 short tons for the years 


iJlncliides 2,200,000 short tons for other uses’^ such us alcoholic drinks. 
^ 3-year average. 

* Half of the figure for jowar and bajra. 

•'* Kstimate for 1 year only. 

« Rough unofficial estimate. 

7 Half of the amount reported for maize and sorghum, 
s Half of the amount estimated for millet and sorghum. 

» Less than 0.5 pounds. 

10 2-year average. 

4'-year average. 

i Cross total will not check due to rounding. 
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1934-1938, compared with 3,140,000 these States produce one or both crops, 
short tons of bajra, and 2,580,000 short Roug:h estimates of production of both 
tons of ragri. crops have been made for the native 

A number of the Indian, or native States, based on incomplete official 

States report only acreage of sorghum acreage estimates for the native States 

and millet, and others do not report at and yields in British India. Although 

all, although it is known that some of the yields in British India are probably 



Eio. 9. Irrigated grain sorghum in Ivory Coast, West Africa. {Photo by 
courtesy of the MinisUre dea Colonies, Paris ). 
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lii*rher than yields in the native States, 
this is counterbalanced to some extent 
by the incompleteness of the acreage 
estimates for the native States. These 
cereals are staple foods of the people in 
most of the native States. 

Some kind of millet or sorghum is 
grown in most parts of India,^ but the 
principal producing sections are central 


If the monsoon is late in arriving, cat¬ 
tail millet is substituted for sorghum, 
provided seed is available, since it can 
produce some kind of crop with a small 
amount of moisture. If the monsoon 
fails entirely, a famine is inevitable. In 
recent years these famines have been 
much less severe because of importation 
of food supplies by the Government. 



Fig. 10. Sorghum and cotton grown in alternate rows in French Sudan near the Niger 
river. {Courtesy of the Ministere des Colonics, Paris). 


and southeastern India where the cli¬ 
mate is especially suitable. Heavy mon¬ 
soon rains furnisli necessary moisture 
during the planting season at the begin¬ 
ning of summer, and the lack of mois¬ 
ture in later months does not discour¬ 
age development of millet and sorghum, 
whereas wheat and rice do not thrive. 

5 An agricultural aphorism from the United 
Provinces; ^The yield is very heavy when sun 
hemp is sown thickly, jowar at a distance of 
frogs hopping, and bajra at paces length.'^ 


Practically all of the sorghum is con¬ 
sumed locally, some of it as animal feed. 
It is especially valuable to the argicul- 
tural population because it yields as 
much grain per acre as wheat and sev¬ 
eral times as much fodder. 

Sorghum is grown in most parts of 
India but principally on the- Deccan 
Plateau and in central India, as it re¬ 
sists drought well. About 60 percent of 
the acreage is in British India and about, 
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40 percent in the Indian States, accord- Rajputana and Gwalior. A larjre soi^ 
in|? to the statistics published by the grhum area on the lower banks of tho 
Department of Commercial Intelligence Indus is irrigated, but in most sections 
and Statistics of India, which are incom- the crop is grown without irrigation. 



Fig. ]1 (Upper left). Kaoliang, Sorghum vulgare \i\r. nervosum, in Manchuria. 

Fig. 12 (Upper right). The tuuhula, made from a kaoliang stalk and a gourd, is used in 
Manchuria for sowing millet and kaoliang. 

Fig. 13 (Lower left). Millet being planted in rows by hand in Manchuria. 

Fig. 14 (Lower right). A pile of kaoliang heads in Manchuria. 

plete, especially for the Indian States. First in importance among the millets 
The largest acreages in British India are of India is cattail millet, or ‘‘bajra’\ 

in Bombay, Central Provinces, and No other cereal grows so well in hot dry 

Berar, Madras, and the United Prov- regions. Most of it is grown in the dry 

inces. In the Indian States the chief western section where it is the principal 

sorghum growing States are Hyderabad, food of the people. There are two chief 
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districts for the cultivation of cattail 
millet, one in Bombay, Uajputana, and 
the adjoining Ganges plains, the other 
in the dry section of western Ghats and 
in Madras. This particular millet 
tlirives better than does sorghum along 
the lower Indus plains where there is 
very little rain, but it is not grown far- 


of the acreage of finger millet is in 
Madras and vicinity, and practically all 
of the remaining acreage is in the native 
States, mostly Mysore. It appears to 
thrive in the same climate as does rice 
and is usually found in India where rice 
grows. Damp mountain slopes seem to 
be especially favorable. In some dry 



Fig. 15 {Upper left). Threshing kaoliang with a stone roller in Manchuria. 

Fig. 16 {Upper right). Dins of millet in Manchuria made of rice straw, some of the walls 
plastered with mud. 

Fig. 17 {Louwr left). Women flailing millet in Korea. 

Fig. 18 {Lower right). Building a house inKorea with woven kaoliang stalks for walls. 


ther south along the coast where rainfall 
is more abundant. It appears as far 
south as the southern tip of the pen¬ 
insula where it is sometimes growui as a 
winter crop. 

Finger millet, or “ragi”, next in im¬ 
portance among the millets of India, is 
grown mainly in southern India where 
it is used as a bread grain and for mak¬ 
ing cakes and puddings. More than half 


sections it is grown under irrigation. 
It is sometimes sown between the rows 
of maize which often fails to produce a 
crop. In this case the millet produces a 
crop of some sort. Finger millet is 
seeded following the rainy season, or the 
seed is sown in May in irrigated beds 
and the young plants are transplanted 
to fields at the beginning of the rainy 
season. 
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In Gujarat it is grown in alluvial soil 
and irrigated by flood water, and is 
often grown as a garden vegetable, in 
which case the unripe ears are eaten. 
In the interior, Anger millet is planted 
on the eastern slope of the Ghats and up 
to the edge of the Deccan plains. On 
the damp wTst coast it is supplanted by 
rice. In south India, in Madras and 


although the natives are very fond of it. 
The Hindus regard it as a holy food, 
and it is often prescribed as a food for 
invalids. It is the principal grain in 
a small section of the highlands of 
Mysore where the climate seems to bo 
especially agreeable for it. Most of it 
is grown as a summer crop. Proso is 
grown in certain sections, mostly in 



FiO. 19. Sudan grass (Sorghum vulgare vviT.swlanensis) (left) and Kursk millet (right), a 
form of foxtail millet (Setaria italica), growing adjacent to one another in South Dakota and 
showing the difference in size of plants, whichaccounts for the Sudan grass producing more 
hay. (Courtesy of the V. 8 . Bur. PI Ind., Soils,and Agr. Eng.) 


Mysore, where flnger millet occupies 
two-thirds of the planted acreage, the 
damp climate is especially favorable for 
its growth. Sowing and harvesting are 
dependent on the trade winds. With 
irrigation a crop may be sown any time 
of year when water is available. 

Although official statistics include 
only bajra and ragi, many other kinds 
of millet are grown in India. Foxtail 
millet is not grown to any great extent. 


southern India, south of the Kistna 
River, where it is one of the principal 
foods. Other kinds of millet are grown 
in many parts of India, and although 
they are important locally, the total pro¬ 
duction for the country is not large. 

Central Asia and the U.S.S.R. An¬ 
other chief millet-producing and con¬ 
suming area is central Asia and Soviet 
Russia where proso, or bread millet, is 
widely grown. It is grown in the .south- 
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ern half of Soviet Russia and is a staple 
food throughout the country. In a 
broad belt running through central and 
southern Russia it is one of the important 
crops. It is eaten mostly in the form 
of a thick porridge called ‘^kasha*The 
nomadic peoples, the Mongolians and 
the Kirgis, are very fond of millet as a 
food, and as a crop it suits their meth¬ 
ods of culture. Many sections have little 
rainfall but receive water for some type 
of irrigation from mountain streams. 
Most of the sorghum production is in 
the Ukraine, Turkmen and Ufibek, and 
the acreage is small. In the Ukraine 
sorghum is used principally as feed for 
cattle, but in Turkmen and Uzbek it is 
used mainly for food. 

In Arabia, Syria, Tran, Irak and Af¬ 
ghanistan millqt has been cultivated for 
many centuries. Although it*is of much 
less importance today than formerly, a 
considerable quantity is grown, and it 
is a staple food of many of the poor 
people. In Iran, proso, foxtail millet 
and some cattail millet are grown in the 
northeastern, southern and western 
parts, and sorghum grows well in upper 
Irak. Cattail millet is found in south¬ 
western Arabia, and some sorghum is 
grown farther north. In Syria sorghum 
is grown instead of wheat if the rainfall 
happens to be slight; in Palestine a con¬ 
siderable quantity is harvested. 

Africa. Africa has a great sorghum 
belt running across the continent south 
of the Sahara from the Atlantic Ocean 
through French Guinea, the Ivory 
Coast, Upper Volta, Dahomey, Nigeria, 
French Equatorial Africa, Belgium 
Congo, southern Anglo-Egyptiaii Sudan, 
Uganda, Ethiopia and British Somali¬ 
land. Extensive plantings are found 
also in Kenya, Tanganyika, northern 
and southern Rhodesia, and Mozam¬ 
bique. In fact, sorghum is grown in 
most parts of Africa, but the crop is 
of less importance in the sections not 
mentioned. No production statistics are 


available for many of these countries. 
Cattail millet and finger millet, often 
designated as Pennisetum and Eleusine 
in literature of Africa, are also grown 
in many parts of Africa. In most in¬ 
stances, methods of cultivation are ex¬ 
tremely primitive. 

Sorghum is grown in Morocco, Tunisia 
and Algeria but not in large quantities. 
Moroe(*o exports sorghum stalks to Al¬ 
geria where they are used in the broom 
industry. Some of the grain is exported 
to Europe as bird and chicken feed. 
Millet and sorghum are produced in the 
oases of the Sahara where a good deal of 
excellent agricultural land is watered by 
springs. The grain serves as food for 
the natives, and the stalks provide fuel 
and building material. Finger millet is 
grown in many sections of Ethiopia and 
Somaliland where it is used for food 
and for making beer. 

Sorghum is the predominant crop of 
the savannah of the Sudan, and millet is 
widely grown. In certain sections of the 
Sudan, cattail millet predominates, and 
finger millet is the chief crop in other 
sections where it is the daily food of the 
people in the form of porridge and beer. 
Cattail millet thrives in French Equa¬ 
torial Africa; in Nigeria sorghum yields 
a rich harvest. Tn the dry rocky soil 
near Lake Chad the only crop that does 
well is cattail millet. Farther south 
where the soil is better and moisture 
more plentiful, sorghum reappears. The 
savannah is well suited to the cultivation 
of sorghum and corn, and sorghum is 
again the staple f(K)d of the natives as 
porridge, dumplings and beer. In a dry 
year when the crop is poor they have 
porridge but no beer. Also, in a dry 
year when sorghum does not bring forth 
a crop, cattail millet may be sown as a 
second crop, as it requires less rainfall. 
The climate in tropical East Africa, be¬ 
cause of the monsoon rains and dry 
periods, is favorable for the cultivation 
of millet and sorghum. In some sections 
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maize is gjrowii, but sorghum is culti- 
v^ated more generally. In recent years 
cattail millet and finger millet have not 
been produced in as large quantities as 
they were formerly. 

In the subtropical Union of South 
Africa, sorghum is grown in large quan¬ 
tities which are mostly consumed within 
the country by both natives and whites. 
The principal food of the natives is sor¬ 
ghum, or ‘‘kafir corn^’, which is eaten 
after it has been soaked in water. It is 
also used in making beer and is fed 
green to livestock. White and yellow 
grain varieties are used for food, while 
the red or brown bitter-seeded varieties 
are used for making beer by all African 
natives. Thus no hops are needed to 
furnish the bitterness cherished by beer 
drinkers everywhere. In Madagascar 
sorghum is cultivated in the dry western 
part. 

In Egypt, near the Nile, sorghum 
grows very well, but cotton has crowded 
it out, except as a second or third crop, 
which keeps the cotton land well cul¬ 
tivated. Sorghum is grown in Ethiopia 
and is made into flour for porridge. 
Finger millet is also grown and is used 
for porridge and beer-making. The cli¬ 
mate of Anglo-Egyptian Sudan is favor¬ 
able for the cultivation of millet and 
sorghum which are the most important 
crops of the savannah. Sorghum, espe¬ 
cially, is grown in large quantities and 
is the staple food of the natives. 

Europe. Millet has now little of its 
former eminence as a cereal grain in 
Europe except in Soviet Russia where 
proso millet is grown and used mainly 
for porridge or for flat bread. In recent 
years not much has been grown in 
Europe outside the Soviet Union, Ru¬ 
mania, Poland and Yugoslavia. Small 
amounts are grown in France, Germany, 
Bulgaria, Austria, Czechoslovakia and 
Hungary. In these (‘ountries it is used 
chiefly for feed for animals and fowls, 
and for making beer. 


In Rumania most of the plantings are 
of cattail millet and are in the Danube 
plains. It is used mainly for feed, but 
is still utilized in some localities for 
bread making. The Bulgarians make a 
favorite kind of beer from their millet. 
In Germany millet has almost disap¬ 
peared. What is grown is proso which 
is found in southern and eastern Ger¬ 
many. Considerable quantities of cat¬ 
tail millet were grown in France until 
the end of the last century when pro¬ 
duction averaged abqut 575,000 tons, but 
little is grown now. Small quantities 
are grown in Spain where in the last 
century it was a more important grain. 

Some sorghum is cultivated in Europe. 
It is used for food and feed in the Soviet 
Union and principally for chicken feed 
in other countries. Broojncorn is grown 
in Italy, Hungary and France. 

United States. The United States 
consumed about 1,200,000 short tons of 
sorghum grain as feed and none as food 
during the period 1934-1938. Sorghum 
was brought to the [Tnited States from 
Africa and India about the middle of 
the last century, and during the period 
1934-1939 was harvested on about 12 
million acres of land, of which four mil¬ 
lion acres were harvested for grain. The 
remaining 8 million acres were harvested 
for fodder and silage, and a little was 
used for making sirup. Less than 2 per¬ 
cent of the crop is used for making 
sirup, which is the only food product of 
any note that was made from sorghum 
in this country before the recent starch 
and dextrose factories were established. 
• In the 1890’s, and previous to 1920, 
kafir meal was used as food occasionally 
in Kansas and other States, especially 
during a drought. 

Most of the sorghum in the United 
States is produced in the southwestern 
States, especially Texas, Oklahoma, Kan¬ 
sas and adjacent States, where it has 
special value because of its resistance to 
drought and heat. It is grown also on 
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irrijiated land in the hot interior valleys 
of California and Arizona. Sorgo for 
sirup is grown mostly in the southern 
States. Broomcorn is grown in Okla¬ 
homa, Colorado, New Mexico, Texas, 
Kansas and Illinois. 

Millet is a minor crop in the United 
States. Roughly about 30,000,000 
pounds of seed, mostly proso, are pro¬ 
duced, which is used as poultry feed, in 
birdseed mixtures, as livestock feed and 
for seed. Proso is grown in North Da¬ 
kota, South Dakota and Colorado. In 
general, other cereals yield more grain 
than does proso in the United States. 
Foxtail millet is grown for hay in many 
States but only on a small scale. Barn¬ 
yard or Japanese millet is grown spar¬ 
ingly for hay in Pennsylvania, New 
Y^ork, Iowa and occasionally elsewhere. 

Proso is sown in the United States 
with a grain drill in late May, June or 
early July, at the rate of 20 to 40 pounds 
I)er acre. It is ready for harvest about 
60 to 75 days after seeding, but ripening 
is not uniform. The seeds in the tips of 
the earlier heads often are dead ripe and 
liave shattered out before the lower seeds 
and lat(‘r panicles are mature. The 
steins and panicle branches are still 
gi-eeii when the seeds ripen. This irreg¬ 
ular riiiening usually precludes safe har¬ 
vesting by direct combining. Most of 
the crop is cut by a swathcr which per¬ 
mits the crop to cure in windrow’s on the 
(Mit stubble. The crop is then gathered 
and threshed by a combine with a pickup 
attachment. Sometimes it is cut with a 
binder, curcnl in long slender shocks and 
then threshed. 

Foxtail millet usually is sown as a 
catch crop in May or June, with a grain 
drill, at a seeding rate of 15 to 30 pounds 
per acre. It is cut for hay when the 
heads are in bloom. The seed crop is 
harvested wuth a combine or binder. In 
western Texas and eastern New Mexico 
it is usually planted at a rate of about 
four pounds per acre in cultivated rows 


three feet or more apart for seed pro¬ 
duction. Formerly, foxtail millet w^as 
an important hay crop in the northern 
and central States. 

Pearl millet may be sown with a drill 
for hay or ])asture or planted in culti¬ 
vated rows for pasture or silage. It is 
planted in the spring usually in rows 
four feet apart at a rate of about four 
pounds per acre. It is confined chiefly 
to the southeastern States. 

Nutritive Value 

The mass of the population in India 
and China eats the cereal that can be 
grown locally and cheai)ly. In India 
many live mainly on millet and sorghum. 
In China the cereals consumed by the 
ordinary people are millet, sorghum, 
wheat and corn in the north, wheat and 
rice in the central region, and rice in the 
south. Much has been written about the 
insufficiency of e(*rtain nutrients in the 
diets of large segments of the population 
of China and India, and, in many of 
these reports, millet and sorghum are 
classed as inferior grains. 

Studies of the nutritive value of millet 
and sorghum as compared with that of 
other cereal grains show that they are, 
in general, somewhat lower in protein 
content than wheat and higher in fat 
content than wheat and rye. They have 
a higher j)rotein and fat content than 
rice (Tables 3, 4, 5). The mineral con¬ 
tent of most millets is higher than that 
of sorghum, wheat, rice and rye, but not 
of soybeans. Millet has a larger percent¬ 
age of indigestible fiber than most ce¬ 
reals because the seeds are enclosed in 
hulls. There is good indication that mil¬ 
let is a rich source of thiamine and might 
be expected to contain small amounts of 
other B-vitamins. 

Studies of diets in northern China, 
where millet is a staple food, show a de¬ 
ficiency of thiamine much less frequently 
than the diets in south China where 
milled rice is the principal cereal con- 
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sumed. The niillin*' of rice removes On the other hand, certain customs in 
most of its thiamine and accounts for the China improve the nutritive value of the 
lack of that vitamin in the diet of the diet. In northern China millet and sor- 
poor in south China. Millet is used as {yhiini are mixed with other cereals or 
a whole-g:rain cereal and furnishes thi- legumes. The proteins of such mixtures 
amine in generous amounts. show a better balance from the nutri- 


TAHLE A 

Averagk (’oarposiTioN of Certain (Jrains and Soybeans 




Aver; 

iige coinj)()Mition 



Commodity 

I'roteiii 

Fat 

Fib(‘r 

N-free 

Mineral 


extract’ 

niatt(*r 


Percent 

Percent 

Percent 

Percent 

percent 

Foxtail millet 

12.1 

4.1 

8.fi 

fiO.7 

3.6 

l^roao . . 

11.9 

3.4 

8.1 

63.7 

3.3 

.Japanese millet 

10.fi 

4.9 

14.fi 

54.7 

5.0 

Milo (grain sorgliuiii) 

11.3 

2.9 

2.2 

71.3 

1.7 

Kaoliang grain 

10..5 

4.1 

l.fi 

71.8 

1.9 

Wheat, average all tvpes 

13.2 

1.9 

2.fi 

69.9 

1.9 

Bice (rough) 

7.9 

1.8 

9.0 

(54.9 

5.2 

Kye 

12.fi 

1.7 

2.4 

70.3 

1.9 

Soybeans 

37.9 

18.0 

5.0 

24.5 

4.6 

Compiled from * ‘ Feeds and 

Feeding,’^ by 

F. H. Morrison, 1948. 



1 Carbohydrate except fiber. 






TABLE 4 




Composition 

OF Certain African Millets and Sorghlai 


Grain 

Water 

(''nido 

protein 

Ether 

expressed 

Fiber 

Cijrbohvdrate 

(N-free 



HvS fat 


extract) 


Percent 

percent 

Percent 

Percent 

Percent 

Gray millet . 

Pearl millet . 

11.2 

8.2 

4.0 

1.2 

73.4 

Sample 1, ^^Mawali’^ ... 

10.fi 

12.47 

5.0 

2.8 

67.13 

Sample 2 . .. 

12.fi7 

9.78 

3.01 

1.98 

70.43 

Sample 3 

9.4 

13.7 

5.1 

2.1 

67.7 

Finger millet 

10.3 

5.4 

1.5 

3.4 

76.9 

Average 

10.S3 

9.91 

3.S4 

2.30 

71.11 

Sorghum 






Durra .. ... 

S.4.5 

13.0fi 

3.3 

1.03 

72.45 

White kafir 






Sample 1 . 

11.93 

• - 9.79 

3.22 

1.27 

72.50 

Sample 2 . ... 

H.4.5 

' 13.06 

3.30 

1.03 

72.45 

Sample 3 . ... 

12.8 

9.9 

3.4 

1.3 

71.0 

Red kafir 






Sample 1 

12.0 

10.83 

3.37 

1.28 

71.01 

Sample 2 

10.0 

11.2 

2.8 

1.8 

72.1 

Sample 3. 

13.5 

11.1 

3.7 

1.4 

68.9 

Mixed kafir 

11.73 

10.01 

3.06 

1.14 

72.58 

Average . . . 

11.11 

11.12 

3.27 

1.28 

71.62 


Compiled from ^‘Pood and Nutrition of African Natives,International Institute of Afri¬ 
can Languages nnd Cultures, London, Memo XIII, 3937. 
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TABLE 5 

Composition and Fuel Value ok Certain Chinese Agricultural Products 


Agricultural })roduct 

Water 

l^rotein 

P:it 

Ash 

Crud(‘ 

fiber 

Carbo¬ 

hydrates 

Caloric 

value 


Percent 

Percent 

Percent 

Pi rcent 

Percent 

Percent 


Millet 


% 






Foxtail 

10.5 

9.7 

1.7 

1.4 

0.1 

76.6 

361 

Foxtail 

9.5 

9.7 

4.2 

1.8 

0.8 

74.0 

372 

I’roso 








Glutinous 

8.5 

10.9 

3.4 

1.6 

1.0 

74.6 

372 

Glutinous 

10.6 

9.7 

0.9 

1.0 

0.9 

76.9 

355 

Non-glutinous 

15.8 

10.5 

0.9 

1.2 

0.9 

70.7 

333 

Finger . 

8.5 

5.8 

5.8 

3.6 

2.0 

74.3 

373 

Jvaoliang (grain sorghum) 








Yellow . 

5.6 

9.7 

4.1 

1.1 

1.5 

78.0 

388 

Red .. 

12.1 

8.0 

4.2 

1.3 

1.8 

72.6 

360 


9.0 

9.5 

4.7 

2.5 

1.8 

72.5 

370 

White. 

13.7 

11.9 

5.0 

3.0 

1.6 

64.8 

352 

< ( 

3.7 

9.3 

5.0 

1.5 

0.4 

80.1 

402 

Wheat (whole) 

10.5 

12.4 

1.4 

2.5 

2.4 

70.8 

345 

u 

7.8 

11.5 

1.8 

2.8 

1.1 

75.0 

3(52 

Pice (whole) ... . 

. 14.4 

9.9 

0.9 

1.5 

0.8 

72.5 

338 

High grade 

10.1 

9.6 

0.2 

0.3 

0.2 

79.6 

359 

Middle gr.ade 

11.0 

8.5 

0.3 

0.(5 

0.5 

79.1 

353 

Low grade 

11.9 

7.3 

0.4 

1.0 

0.7 

78.7 

348 

Glutinous 

12.4 

(5.5 

0.2 

1.1 

0.4 

79.4 

345 

Soybeans 








Black 








1. Glycine max. 

8.4 

42.9 

12.6 

3.9 

(5.2 

26.0 

388 

2. Large 

8:o 

51.3 

16.6 

4.3 

3.(5 

16.2 

419 

3. Small . . 

7.8 

49.8 

12.1 

4.6 

6.8 

18.9 

384 

Green ... . 

(5.4 

37.3 

18.3 

5.0 

3.4 

29.6 

432 

Y(‘llow 

8.8 

39.2 

17.4 

5.0 

4.2 

25.4 

415 

Cowpeas (7'if/na sinensis) 








1. Sample 1 . ... 

10.3 

21.3 

o o 

3.4 

4.3 

58.5 

339 

2. Sample 2 .. . . 

9,1 

22.6 

2 2 

3.5 

4.2 • 

58.4 

344 


Compiled from Analyses of Chinese Food Materials by W. H. Adoljdi, TMiilippim* .Journal of 
Science, July 1926; and Nutritive Value of Chinese Foods by Hsien Wu, Chinese .louriml of 
Physiology, Reiiort Series 1928, No. 1. 


tioiial standpoint. A rceommended mix¬ 
ture is maize, millet and soybeans.*' The 
use of sprouted millet also adds imtri- 
(‘nts to the Chinese diet. Cood as these 
(‘ustoms are they do not take eare of all 
of the defieieneies of needed nutrients. 
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Utilization Abstract 


Cortisone from Yams. Oh<' of tlu* 
most important recent medical <liscovcries is 
that of treating rheumatoid arthritic victims 
with cortisori<‘, known also a.s Componiul E, 
an adrenal hoi'inone which is now being ob¬ 
tained .synthetically from animal bile. Forty 
head of cattle are needed to provide tln^ 
cortisone recpiirements of one patient for 
one day, and tlie cost is now reported to be 
$5,670 per ounce. Other and less expensive 
sources of the drug are consequently being 
sought, and attention is being focussed on 
plants. The seeds of an African i)lant, Stro- 
2 ^hanthiis sarmentosvn, are regarded as pro¬ 
viding an unlimited source of raw material 
for cortisone, and there is now' a commission 
from the U..S. Public Health Service and 
Dei^aHiVient of Agriculture investigating the 


po.ssibilitu*.>» of this .source in IJberia. The 
important principle in Strophanthns is 
know'll as “sarmentogenin’^ and can be con¬ 
verted into cortisone through 20 steps of 
conversion, an improvement on the 37 .steps 
neeiled for cattle bile acid. 

A I’ecent discovery has centered attention 
on tropical American yams, some of which 
grow^ in Arizona, New Mexico, Texas and 
Mexico. From these plants Dr. R. E. 
Marker, former Professor of Organic Chem¬ 
istry at Pennsylvahia State College, has iso¬ 
lated a material wdiieh he has named 
‘botogenin’ and w'hich is looked upon as a 
possibly vei*y important indigenous and im¬ 
mediately available source of raw material 
for synthesis of cortisone. {N. Y. Times, 
8/28/49). 



Plant Growth-Regulators 

Large-scale use of plant growth-regulating chemicals, 
unheard of ten years ago, has fostered a multimillion 
dollar business. In 1948, 27 1/2 million pounds of 
2,4-D, once used only in minute doses for laboratory 
work, were manufactured for agricultural use, pri¬ 
marily in weed eradication. Naphthaleneacetic acid 
and other compounds are used in smaller but con¬ 
tinually increasing quantities in regulating other 
phases of plant development, wholly apart from nutri¬ 
tional needs supplied by fertilizers. 

R. L. WETNTRAUB AND A. G. NORMAN 

Camp DetrieJCy Frederick, Md. 


Introduction 

The list of chemicals finding uses in 
agriculture has been lengthened consid¬ 
erably in the past few years by the dis¬ 
covery of a variety of synthetic com¬ 
pounds which possess the property of 
affecting the growth of plants in some 
way. The uses for these compounds arc 
surprisingly diverse and are being 
added to constantly as more becomes 
known about the nature of the responses 
which they induce. In contrast to the 
indirect effects of insecticides or fungi¬ 
cides that serve merely to protect from 
injury, these compounds act directly 
upon the plant or the crop, but in a 
different sense to fertilizer materials 
that supply major or minor nutrient 
elements. Although not required for 
growth, they are capable of regulating 
growth in some part or parts of the 
plant. The rapid development and 
widespread adoption of 2,4-dichloro- 
phenoxyaeetic acid, or 2,4-D, as a herbi¬ 
cide have perhaps given the impression 
that this class of substances will find its 
main outlet in weed eradication or weed 
control. While it is undoubtedly true 
that herbicidal uses will be of great im¬ 
portance and perhaps may provide the 
greatest volume of business to the chem¬ 


ical industry, it is to be emphasized 
that chemicals possessing plant growth¬ 
regulating activity should not be clas¬ 
sified only as herbicides, and even as 
herbicides they have little in common 
with the contact herbicide of the past. 

Responses Induced in Plants by 
Growth-Regulators 

Plant growth-regulators are some¬ 
times referred to as plant hormones’’ 
or phytohormones”. Unlike animal 
hormones which are highly specific in 
character and, in general, control a lim¬ 
ited set of transformations, the so-called 
plant hormones have the appearance 
often of being relatively unspecific and 
of controlling, initiating or directing a 
number of superficially unconnected 
changes. 

Most growtii-regulators, if applied to 
plants at sub-lethal or sub-inhibitory 
levels, may give rise first to curvatures 
or epinastic responses and later to so- 
called formative effects or changes in 
the general morphology or habit of 
growth of the plant. Terminal growth 
may cease and axillary bud develop¬ 
ment be induced so that a low^ bushy 
plant results; the stem may thicken and 
split; leaf modification may appear with 
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changes in shape and patterns of vena¬ 
tion; the root system may be altered in 
character. It is to be noted that re¬ 
sponses can be produced either in ac¬ 
tively growing tissues or by reactiva¬ 
tion in maturer tissues of cells whi(*h 
have already comi)leted their normal 
growth. In some cases normal differen¬ 
tiation appears to be prevented, and 
gall tissue or callus tissue may be formed 
as a result of division and proliferation 
of cells without subsequent differentia¬ 
tion. 

Present Uses of Growth-Regulators 

The uses that have been made of 
growth-regulators to date do not fall 
into any single patt(‘rn. In a general 
way they can perhaps be put into two 
categories, though the res[)onses in¬ 
volved are not always sharply separable. 
In the first category are uses that de¬ 
pend on some inductive or formative 
effect in the plant. Such applications 
are usually relatively critical with re¬ 
spect to dosage, but not necessarily spe¬ 
cific with respect to the a(‘tive com¬ 
pound. In the second category are 
treatments that are primarily inhibi- 
•tory or even lethal. It is likely that 
many applications of both types remain 
to be developed. 

Root Initiation. Vegetative propaga¬ 
tion of plants has been aided greatly 
by the finding that root initiation can 
be induced in cuttings of many species 
by brief treatment with growth-regulat¬ 
ing compounds. Those most widely em¬ 
ployed for this purpose are indole-3'» 
butyric acid and alpha-naphthaleneacetic 
acid or a derivative thereof. Many 
substituted phenoxyacetic acids have 
the same property, but as the margin 
between active root initiation and in¬ 
hibitory or formative effects in other 
parts of the plant is much narrower in 
this group, they are not ordinarily em¬ 
ployed. The rooting response is par¬ 
ticularly useful in the case of w^oody 


and semi-woody species. Not all spe¬ 
cies, however, can be induced to root 
by application of compounds currently 
available; they thus present a challenge 
to the chemist and physiologist to seek 
additional substan(*es with this prop¬ 
erty. 

Fruit-setting and Flower Drop. By 

treatment of some flowers with certain 
growth-regulators, fruit-set without 
pollination may be accomplished. The 
fruit so obtained is seedless. Applica¬ 
tions are usually made by aerosol or 
vapor treatment. Alpha-naphthalcne- 
acetic acid or some derivative is the 
main choice, though the list of com¬ 
pounds known to induce parthenocarpic 
fruit development is extensive. Fruit 
so produced may be Larger in size or 
weight than fruit formed as a result of 
normal pollination, although undesir¬ 
able changes in the morphology of the 
fruits may be encountered if the opti¬ 
mum treatment rates are exceeded. 
The chemical treatment may also pre¬ 
vent flower drop and ensure fruit de¬ 
velopment from flow^ers which have 
been previously pollinated. This tech¬ 
nique has been employed widely by 
growers raising tomatoes in greenhouses 
where pollination normally is poor, and 
it appears possible in this way to over¬ 
come also the adverse effects of low 
night temperatures on fruit setting of 
early field-grown tomatoes. 

Bud Initiation, Inhibition and Stimu¬ 
lation. Certain compounds are capable 
of inducing development of flower buds 
and so permit some control of the time 
of flowering. This has proved success¬ 
ful in pineapple culture. Again, alpha- 
naphthaleneacetic acid has been the 
compound mainly employed. Curiously 
enough, this sante compound, as well as 
its derivatives, is highly effective in in¬ 
hibiting bud development in many 
other plants, and they are widely em¬ 
ployed for preventing sprouting of po¬ 
tato tubers in storage. On the other 
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liand, chemicals are known which have 
a bud-stimulating influence, and these 
are used for forcing dormant buds, for 
example, in potatoes which are to be 
[)lanted as seed. 

Delaying and Prolonging Flowering. 

(Considerable effort has gone into ex¬ 
perimentation on delaying the flowering 
of fruit trees, sn(*h as peach and apple, 
in order to reduce the likelihood of late 
frost injury in the spring. The mar¬ 
gin between dosages which can delay 
flower opening and those which induce 
floral abnormalities is a slim one, how¬ 
ever, so that treatments of this type are 
not yet regarded as safe and have not 
come into general practice. Experimen¬ 
tation aimed at ])r()longiiig the blossom¬ 
ing period of dei'orative fruit trees also 
has given promising results. 

Fruit Drop. Whereas rooting, fruit 
setting and bud forcing responses arc 
examples of stinudative effects, the pre¬ 
vention of pre-harvest drop of fruits, a 
practice now widely favored by or- 
chardists, involves an inhibitory action. 
Many varieties of apple and other fruit 
commonly fall from the tree before they 
reach the degree of ripeness desired or 
before they can be picked so as to avoid 
bruising. Suitable chemical treatments 
can apparently delay the develoi)ment 
and separation of the abscission layer of 
cells which is responsible for fruit fall, 
without causing appreciable change in 
the rate of ripening. Alpha-naphtha- 
leneacetic acid or a derivative is ordi¬ 
narily employed at a very low concen¬ 
tration in dusts or sprays. 2,4-D also 
is effective on certain species. 

Accelerating Ripening of Fruit. The 
normal metabolic behavior of some 
fruits and vegetables in storage can be 
altered by treatment with growth-regu¬ 
lators. The ripening of bananas, for 
example, is,accelerated by exposure to a 
low concentration of 2,4-D, which might 
be preferable to ethylene as presently 
employed. 


Weed Eradication. Excelling all 
other uses in importance to agriculture 
and to the chemical industry at this 
time, however, are the remarkable ap¬ 
plications of growth-regulators in the 
herbicide field. The substituted phe- 
noxyacetic acids, of which 2,4-dichloro- 
phenoxyacetic has been most studied, 
can be employed broadly for weed 
eradication or vegetation control. Al¬ 
though they are not inherently selective 
in activity they can be utilized in a 
selective manner by taking advantage 
of differences in sensitivity and re¬ 
sponse among species. Perhaps the most 
important agronomic development is 
the control of weed growth in a planted 
or growing crop, either by spray treat¬ 
ments which inhibit weed growth selec¬ 
tively, or by soil teatments which pre¬ 
vent germination and development of 
weed seedlings. 

Production and Consumption of 
Growth-Regulators 

Considering that experimentation 
with a view toward utilizing 2,4-D as 
a herbicide was not initiated until 1943, 
production and sales of growth-regulat¬ 
ing chemicals in the United States have 
shown a remarkable increase during 
the past-few years. In 1945, the first 
year in which production was suffi¬ 
ciently large to be reported by the U. S. 
Tariff Commission, 917,000 lbs. of this 
compound were manufactured. In 
1946 the amounts of 2,4-D and its de¬ 
rivatives had increased to 6,461,000 lbs. 
and in 1947 to 8,866,000 lbs. For the 
last quarter of 1948, production of the 
acid was at the rate of 27,512,000 lbs. 
annually. The figures for naphthalene- 
acetic acid in 1945, 1946 and 1947 are 
33,000, 12,000 and 14,000 lbs. respec¬ 
tively. Thus in a period of three years 
plant growth-regulator production has 
grown to a multimillion dollar business. 

No data are available as to the ac¬ 
tual end uses of 2,4-D, but it may be 
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presumed that the f?reat bulk of this 
material is used in weed control on cul¬ 
tivated or pasture land. In 1946 and 
1947 sales amounted to 90 per cent of 
production. If this figure is carried 
over to 1948 and the further assump¬ 
tion is made that 90 per cent of this 
amount was applied to agricultural land 
at an average rate per acre of some¬ 
what less than one pound, one obtains 
a rough estimate of 25 million acres 
treated during the year. 

Only approximations can be made 
also for the second largest application 
of growth-regulators, that of preventing 
preharvest drop of apples and pears, 
which appears to account for the bulk 
of the naphthaleneacetic acid manufac¬ 
tured. In recent years some 2,4-D has 
been used for this purpose. From the 
first experimental spraying of four 
apple trees by the U. S. Department of 
Agriculture in 1939, about 100,000 
acres of orchards were treated in 1945 
and probably of the order of 150,000 
acres in 1948. It is estimated that in 
the major fruit-producing areas of the 
western States, two-thirds of the pear 
and one-third of the apple trees are 
sprayed with growth-regulators. On 
the basis of a probable yield increase 
of 10 to 15 per cent and a cost of 10 
dollars i)er acre for material and labor, 
the return from spraying in western 
orchards may be appoximated at 50 to 
60 dollars per acre and at perhaps half 
as much in the East. A substantial 
amount of naphthaleneacetic acid is be¬ 
lieved to be utilized also in the Ila-*. 
waiian pineapple industry for control 
of flowering. 

If one thinks of these compounds as 
plant hormones of extremely high physi¬ 
ological potency, the tonnages manufac¬ 
tured are truly startling. For exam¬ 
ple, a distinct formative effect can be 
obtained by application of 0.01 micro¬ 
gram of 2,4-D to a young bean plant. 


which is a commonly used test object. 
Applied in this way, two pounds of the 
chemical would be more than enough to 
produce a response in every edible-bean 
plant grown in the United States. In¬ 
deed if the total cropland of the United 
States were planted in beans, 4,000 lbs., 
or less than 0.02 per cent of the 1948 
production of 2,4-D, w^ould suffice to 
elicit visible effects in the plants. Even 
killing of all these young plants, which 
can be accomplished with ten micro- 
grams of growth-regulator by suitable 
means of application, w^ould require 
only about one-seventh of the total pro¬ 
duction. 

Many of the most useful applications 
of growth-regulators in horticulture re¬ 
quire only highly diluted solutions, and 
in consequence the total amount that is 
likely to be required as these practices 
are extended is not vast. Agronomic 
uses in the field of weed control art' 
always likely to constitute a far greater 
bulk outlet. For example, should pre¬ 
emergence soil treatments for corn par¬ 
tially or totally supplant cultivation 
and be widely adopted, the demand for 
2,4-D or related compounds would con¬ 
tinue rapidly to increase to a figure sev¬ 
eral times the present consumption. 

Selectivity and Specificity 

Although, as already stated, there is 
little evidence to indicate that the com¬ 
pounds which possess growth-regulatory 
activity are inherently highly specific 
and selective in action on particular 
genera, species or varieties of plants, 
there is a high degree of probability 
that many can be used in a selective 
manner. Selectivity is often more ap¬ 
parent than real* and is the resultant of 
different degrees of susceptibility to a 
particular concentration or amount of 
active compound. For example, many 
of the selective herbicidal uses of 2,4-D 
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involve only a dosage selectivity. Es¬ 
tablished moiiocotyledonous plants, par¬ 
ticularly the cereals and other grasses, 
are little affected by top application of 
growth-regulators of the phenoxyacetic 
type, whereas many broad-leaved plants 
at a corresponding stage of growth may 
be heavily affected. However, germi¬ 
nating seeds and young seedlings of 
grasses may be highly susceptible. Al¬ 
though there appears to be some major 
difference in sensitivity between niono- 
eotyledonous and dicotyledonous spe¬ 
cies, there are exceptions and inconsis¬ 
tencies in responses to particular com¬ 
pounds. Whether there is a basic bio¬ 
chemical difference between responsive 
and unresponsive species is not known. 
The alternative view’, namely, that ab¬ 
sorption of these compounds and subse¬ 
quent transport to young rapidly growl¬ 
ing tissues may not be accomplished of 
may be accomplished only slowly by the 
unresponsive species, may hold in some 
cases. 

In general, as the tissues and organs 
of plants age and mature they become 
increasingly less responsive to applica¬ 
tions of growth-regulators, and high 
dosage rates at a late stage may not 
achieve w’hat can be accomplished by 
much lower concentrations at an earlier- 
stage. Home of the inductive or for¬ 
mative applications of growth-regulators 
exploit the different susceptibilities of 
tissues or organs. The cells involved in 
floral development, for example, are 
physiologically young and highly sus¬ 
ceptible, whereas most other tissues at 
this stage are further advanced and, 
therefore, not likely to be affected by 
treatments that can result in profound 
effects in fruit or seed development. It 
is probable that advantage will be taken 
of similar differences in organ and tis¬ 
sue susceptibility to develop many 
other apparently selective uses for 
growth -regul ators. 


Structure and Activity 

Information relating the molecular 
structure of plant growTh-regulators to 
their physiological potency is highly de¬ 
sirable both for its possible value in 
pointing the way toward new '^tailor- 
made’^ compounds and also in yielding 
clues concerning the mode of action of 
these substances. Many pitfalls, not 
always clearly recognized, stand in the 
w’ay of obtaining such information, and 
despite considerable effort present 
knowledge is quite fragmentary. 

Among the heterogeneous assemblage 
of compounds embraced by the generic 
term ‘'plant growth-regulators” are 
some which are very versatile in activi¬ 
ties, being capable of producing several 
of the types of responses previously out¬ 
lined. Other compounds appear to pos¬ 
sess appreciable activity in only a single 
physiological effect. Thus in endeavor¬ 
ing to relate structure with activity it 
is essential to define as clearly as pos¬ 
sible the kind of activity under consid¬ 
eration and, in some cases, also the pre¬ 
cise technique employed in eliciting and 
measuring the response. 

Comparative tests on extensive series 
of compounds have been reported from 
only a few laboratories, and among 
these there exist numerous instances of 
contradictory results possibly caused by 
differences in methods. 

Home confusion may have arisen 
through failure to distinguish between 
wdiat may be termed "intrinsic activ¬ 
ity” and "apparent activity”. If it is 
assumed that growth-regulators are ef¬ 
fective by virtue of some biochemical 
reaction in which they participate, then 
the intrinsic activity would be a meas¬ 
ure of the effectiveness of such partici¬ 
pation. In practice, what is actually 
measured is only the apparent activity, 
which may be the resultant of various 
ancillory properties such as absorbabil¬ 
ity by the plant, solubility of the com- 
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pound in the plant fluids or protoplasm, 
transportability of the substance within 
the plant, and rate of inactivation of 
the material within the plant. As evi¬ 
dence for this statement may be cited 
the fact that the magnitude and even 
the character of response to a particular 
dosage of growth-regulator may be sub¬ 
stantially changed by altering the car¬ 
rier solvent or the mode of presentation. 

Additional handicaps to progress on 
this subject have been the lack of criti¬ 
cal methods for evaluating various types 
of responses, and the difficulty of ex¬ 
pressing certain of these responses 
quantitatively. 

At the present stage of development 
it appears possible to make two, seem¬ 
ingly contradictory, generalizations. On 
the one hand, what appears to be the 
same, or certainly closely similar, ef¬ 
fects can be produced by a considerable 
diversity of structural types of mole¬ 
cules. On the other hand, among iso¬ 
mers, analogs, homologs and derivatives 
of a particular type, a high degree of 
specificity is exerted by what may be 
termed loosely the ‘^fine structure’’ of 
the molecule. In some cases, however, 
the structural specificity exhibited in a 
particular physiological effect does not 
appear to hold for other effects. 

Relatively few aliphatic compounds 
have been reported to possess growth- 
regulatory activity, but this may be a 
reflection of the greater attention 
which has been given to cyclic com¬ 
pounds. 

The majority of the compounds so 
far demonstrated to be active may be 
regarded as derivatives of a relatively 
small number of parent substances 
which are for the most part ring-substi¬ 
tuted aliphatic acids. 

Table I shows in a general manner 
the kinds of activity exhibited by cer¬ 
tain of the better known of these classes 
of compounds. The ratings are in¬ 


tended merely to be roughly indicative, 
and many exceptions could be noted. 
Qualitative as well as quantitative dif¬ 
ferences in responses do occur and fur¬ 
ther complicate comparisons. 

In the phenox}^ and benzoic acid se¬ 
ries, substantial numbers of isomers, 
homologs and derivatives have been in¬ 
vestigated, so that certain tentative gen¬ 
eralizations concerning the role of the 
finer structure appear permissible. Of 
paramount importance for growth-regu¬ 
latory activity is the substitution of 
certain of the ring hydrogens. Many 
of the unsubstituted parent compounds 
are virtually inactive. The kind, num¬ 
ber and position of the substituent 
atoms or groups all arc influential, but 
the precise role of each seems to vary 
with the particular parent series. 

In the phenoxy series, activity is im¬ 
parted by substitution in the 4-, 2,4- and 
2,4,5- positions and, to much smaller de¬ 
gree, in the 2-, 3- and 2,5- positions. 
Halogen substituents are more effective 
than any other. Activity increases with 
number of substituent halogen atoms up 
to two or three but falls off with fur¬ 
ther halogenation. Other substituents, 
such as alkyl, nitro and hydroxyl groups, 
may increase activity, especially if halo¬ 
gen substituents are present in addition. 

Halogen substitution increases activ¬ 
ity in the phenylacetic and benzoic acids 
also, particularly if as many as three 
substituent atoms are present. In the 
benzoic series the nitro group has a very 
marked activating influence, especially 
in mixed-substituted compounds also 
containing halogen. Introduction of 
methyl, hydroxyl or amino groups into 
active halogen- or halogen-nitro substi¬ 
tuted compounds often diminishes the 
activity. The most favorable positions 
for substitution in the benzoic acids are 
2, 3 and 5, in contradistinction to the 
phenoxy acids in which they are 2, 4 
and 5. 
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In general, the presence of a free car- The length of the carboxyl-bearing 
boxyl group is not essential. Activity side chain may be of great importance, 
comparable with that of the acids is ex- Substitution of the 2,4-dichlorophenoxy 
hibited by many of the corresponding radicle on the omega carbon of the 
salts, amides and esters. Indeed, in straight chain aliphatic acids confers 

TABLE I 

Summary of Activities of Various Groucs of Growth-Regulators 
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numerous instances such derivatives activity only on those with an even 
seem to have appreciably greater activ- number of carbon atoms (acetic, bu- 

ity than the acids themselves, a circum- tyric, caproic, caprylic), whereas the 

stance which weakens but does not ne- odd-numbered (propionic, valeric, enan- 
gate the view that in vivo hydrolysis to thic) are relatively inactive. This ap- 

the acid is a prerequisite to physiolog- pears to hold also for naphthoxy-substi-; 

ical action. Nitriles, thioacids, alcohols tuted compounds but not for indole-, 
and ethers also may possess activity. substituted. It has been suggested that 
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the higher-membered even carbon acids 
may be degraded in invo by successive 
beta-oxidations to the active phenoxy- 
acetic acid, which could not be formed 
in this way from the odd-numbered 
acids. 

Where substitution of the aromatic 
residue is on the alpha carbon, the 
propionic and butyric acids frequently 
are more active than the lower or higher 
homologs, or than various dicarboxylic 
acids. 

The indole compounds occupy a some¬ 
what special position among growth- 
regulators inasmuch as the only natu¬ 
rally occurring plant hormone, the ex¬ 
istence and identity of which is beyond 
question, is heteroauxin or indole-3- 
acetic acid. Tndolcaeetic acid appears 
to be widely distributed in plants, and 
it seems to be tacitly assumed, if not 
dogmatically claimed, that it is the cen¬ 
tral ‘‘growth-regulator” common to all 
chlorophyllous plants. An enzyme ca¬ 
pable of oxidizing indoleacetic acid to 
an inactive product has been demon¬ 
strated in some plants. Such enzymic 
destruction might account for the lower 
apparent activity exhibited by indole- 
acetic acid in some responses in com¬ 
parison with “foreign” compounds, 
with whi(^h the plant is less well able 
to cope. ITalogenated or otherwise sub¬ 
stituted indole acids have received only 
scant attention, although active com¬ 
pounds might logically be sought among 
them. 

A quite diiferent aspect of the rela¬ 
tionship between structure and biolog¬ 
ical properties of the compound may 
also have to be taken into account. Em¬ 
ployment of Aveed control methods in¬ 
volving soil applications rather than 
top treatments will call for compounds 
not readily decomposed or inactivated 
by the soil microflora and, therefore, 
capable of persisting in the soil and 
preventii\g development of weeds in the 


crop for a whole season. From this 
standpoint 2,4,5-trichlorophenoxyacetic 
acid would be preferable to 2,4-D, for 
example, in the pre-emergence weed 
control treatment of corn. 

Mechanism of Action 

Many of the responses which have 
been described for plant growth-regu¬ 
lators appear to depend ultimately upon 
alterations in the rate or direction of cell 
enlargement or of cell division. In addi¬ 
tion, various biochemical processes in¬ 
volved in metabolism of carbohydrates 
and nitrogenous substances may be in¬ 
fluenced, either with or without de¬ 
tectable morphological changes. While 
the causal relationship between the 
biochemical and structural responses is 
not clear at the moment, it may be pre¬ 
sumed that the more complex morpho¬ 
logical effects are initiated by chemical 
processes. 

It is uncertain, too, whether or not 
diverse groAvth-rogulatory compounds 
act fundamentally in a similar manner, 
that is, whether there is a common con¬ 
trolling mechanism which can lead to 
various end results. A satisfactory ex¬ 
planation must reconcile the following 
observations: (r/) a variety of com¬ 
pounds may prodiu'c the same end re¬ 
sult; (/;) a single compound may bring 
about several apparently unconnected 
responses; (c) two compounds may be¬ 
have entirely similarly with respect to 
one physiological effect but disparately 
in some other response; (d) even 
though the same general response, such 
"as root initiation or cell elongation, may 
be brought about by different com¬ 
pounds, there may be found more or 
less marked qualitative differences in 
the character of the response; (e) plants 
classified in the same family or genus 
and which presumably have strong bio¬ 
chemical affinities may not respond in 
the same manner to particular growth- 
regulators. 
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One current view is that exog:eiious 
growth-regulators act by influencing, ac¬ 
celerating or blocking the biochemical 
processes controlled by indoleacetic acid 
or other cellular growth-regulators. 
However, understanding of the physio¬ 
logical role of the endogenous hormones 
is still so incomplete that it is not possi¬ 
ble yet to formulate any common mech¬ 
anism of action. There is some evidence 
indicating that the exogenous growth- 
regulators may be effective only at a 
particular stage in the development of 
cells and tissues and that the morpho¬ 
logical and formative changes that re¬ 
sult from treatments are limited to cells 
at this stage during the time when the 
chemical is applied. 

Certain compounds, such as the phe- 
nylcarbamates, cause great cytological 
aberrations; other major groups, such 
as the phenoxy- and iiaphthoxy- com¬ 
pounds, bring about marked histological 
changes without apparent cytological 
disturbances. 

Because of the diversity of chemical 
structure of active growth-regulators, 
some investigators have inclined to the 
view that their common characteristic 
might be some physical property and 
that their activity might be of a physico¬ 
chemical nature, such as an influence on 
permeability. 

Future Agricultural Uses 

Up to the ])resent the main agricul¬ 
tural outlet for growth-regulatory chem¬ 
icals has been for weed control and weed 
eradication. The current pre-oecupa- 
tion with 2,4-dichlorophenoxyacetic acid 
for these purposes is hardly likely to be 
maintained. 2,4-D is a broadly effective 
and highly inhibitory compound; others 
that are safer to use or better suited 
for particular purposes are already 
known, and it may be confidently pre¬ 
dicted that still others remain to be dis¬ 
covered. 


Developments in weed control con¬ 
ceivably could result in far-reaching 
changes in cultural practices. Some ro¬ 
tations and many agricultural opera¬ 
tions have been adopted primarily for 
purposes of wTed control. A greater 
measure of chemical control of weed 
competition in the growing crop would 
surely allow more intensive (Topping 
and, therefore, require greater attention 
to be given to the nutrient status of the 
soil. The per acre yield of corn can 
probably be appreciably increased if the 
old 42" check roAv spacing is abandoned. 
Developments in the selective use of 
growth-regulators for weed control may 
well result, therefore, in greater demand 
f(3r fertilizers in order to support more 
intmisive land use. 

Considered from the standpoint of the 
crop, the present herbicidal uses of 
growth-regulators arc all indirect. The 
underlying princii)le is the prevention 
or removal of weed competition. The 
future holds great possibilities for direct 
uses involving application to the grow¬ 
ing crop for purposes of crop growth- 
(‘ontrol. Most of the presently devel¬ 
oped specialized horticultural uses, 
whi(*h involve rooting, flowering or fruit¬ 
ing, fall into this category. The com¬ 
mon field crops that bulk large in pro¬ 
ducing the food and fiber of the world 
may be as susceptible to control as are 
those horticultural and fruit crops that 
have hitherto received more attention. 
Moreover, other uses, for which there 
are as yet no precedents, will likely 
follow. 

The situation now confronting the 
agronomist and horticulturist is that 
some of the characteristics of plants pre¬ 
viously accepted as fixed are in fact not 
immutable, and that agricultural and 
horticultural systems and practices de¬ 
veloped on such assumptions may un-. 
dergo great change. One of the goals 
of scientific agriculture in the past has 
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been to secure for every locality plants 
fully adapted to that environment, and 
capable, therefore, of making? maximum 
yields under the prevailing: climatic and 
edaphic conditions. A long-season plant 
may not mature in northerly latitudes; 
a plant requiring high night tempera¬ 
tures may not be fruitful if the tempera¬ 
tures are low. It is highly probable 
that some of the factors governing plant 
adaptation will be susceptible to control 
or circumvention by growth-regulators. 
This may result in higher yields or a 
greater certainty of yield. Further¬ 
more, it may result also in some change 
in crop distribution. Flowering time, 
flower abundance, fruit and seed setting, 
and maturity date may be susceptible 
of control. In a late season, flowering 
of some plants might be advanced in 
order to obtain maturity before the 
frosts of autumn. In an early spring, 
bud development and flower opening in 
fruit crops might be delayed to obviate 
late frost injury. Parthenocarpic fruit 
setting may be widely practiced with 
the result that seedless or almost seedless 
fruits and vegetables become common; 
the dependence upon insects and other 
natural pollinating agencies may be re¬ 
duced and so provide greater latitude 
in the use of insecticides. 

Visible changes in the morphology or 
yield of the fruit or grain, or other edi¬ 
ble part of any crop, may be a(‘com- 
panied by changes in chemical composi¬ 
tion. As yet this aspect has been little 
studied. The indications are that the 
balance between reserve carbohydrates 
and simple sugars may fre(iuently be 
changed as the ripening process is de¬ 
layed or accelerated by growth-regula¬ 


tors. There are reports that grain from 
wheat treated with 2,4-D for weed con¬ 
trol may have a higher protein content, 
and that parthenocarpic tomatoes are 
sweeter than those produced by pollina¬ 
tion. Information along these lines is 
very scaiity; although not all such 
changes may be desirable, there is basis 
for the prediction that some measure of 
control of composition and, therefore, 
of quality is likely to be achieved. 

The combination of crop control and 
composition control might be of out¬ 
standing importance with certain grasses 
and forage crops. The digestibility, 
palatability and feeding value of pas¬ 
tures decline rapidly as the dominant 
grasses head and mature. Delayed 
heading, or inhibited heading, with a 
resultant ])ermanently vegetative leafy 
plant, might greatly change the (piality 
of pastures and permit more intensiv(‘ 
use of grazing land and meadows in the 
humid regions. 

Research in the general fields of weed 
control and crop control is at present 
])rocee<ling largely in an empirical man¬ 
ner. Interest is centered on 2,4-D and 
naphthaleneacetic a(*id or tlieir deriva¬ 
tives. One of the main factors at pi*es(nit 
retarding the. development of new 
growth-regulators and additional uses 
for such substaiK'es is the lack of funda¬ 
mental knowledge as to the mechanism 
of action of this class of comjxmnds. 
The horizons of the future are not yet 
clearly discernible. The i)otentialities 
and limitations cannot, therefore, be 
.sharply outlined, but it is certain that 
agricultural practice may be greatly 
changed in form and direction by the 
availability of these new chemical tools. 



Forest-Tree Genetics Research: Populus L. 

The genus PopuJus, because of its considerable eco¬ 
nomic importance coupled with favorable experimen¬ 
tal characteristics, has attracted the interest of many 
investigators of tree genetics and may truly be called 
the ^‘guinea pig** of forest-tree breeding, 
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Introduction 

With the possible exception of the 
pines, no forest tree genus of the north¬ 
ern hemisphere has received so much 
attention from forest geneticists and 
tree breeders as has Populuft. The re¬ 
sults of these studies have been pub¬ 
lished in numerous widely scattered 
journals and bulletins, some of which 
have very limited circulation and avail¬ 
ability. This review represents an ef¬ 
fort to assemble the available data, but 
no claim for completeness is made. 

At least two valuable reviews have 
appeared in recent years which discuss 
forest genetics research in PopnluSy but 
both have limitations. Ricthens (204) 
reviewed the entire field of forest tree 
breeding and genetics research since 
1930, and Farrar’s review (83) is lim¬ 
ited to an account of the work in Can¬ 
ada. 

The poplars are, in general, charac¬ 
terized by rapid growth rates, case of 
jiropagation by twig or root cuttings, 
and winter hardiness. All are wind-pol¬ 
linated, essentially dioecious^ hybridize 
readily within and between most sec¬ 
tions of the genus, and are capable of 
successfully maturing immediately vi- 

1 Hastings (102), Erlaiison and Herman 
(82), Aljbensky (3), Peto (193) and, doubt¬ 
less, others Jiave reported some members of 
the genus as showing a monoecious or polyga- 
mo-monoecious habit. East (80) believed the 
occasional perfect flowers to be self-fertile. 


able seed on cut twigs in the green¬ 
house. Tn the Baltic regions and in 
central Europe intensive mangement of 
various species and hybrid clones has 
been pra(*ticed for many years. Tn 
North American forestry most poplar 
species have only recently evolved from 
the ‘Sveed” category, and in conse- 
cpience an increasing interest in this 
group is being demonstrated by Cana¬ 
dian and American foresters. With 
these generally attractive biological 
characters and sympathetic economic 
circumstances prevailing, it is not re¬ 
markable tliat ('onsiderable interest has 
been dire(*led to this genus by forest 
geneticists and tree breeders in this part 
of the world and abroad. 

Classification and Nomenclature 

Populns is represented by about 30 
tree species which, except for one spe¬ 
cies^, are confined to the temperate r(‘- 
gions of the northern hemisphere. The 
genus is divided into five sections: (a) 
Letice Duby (white poplars, aspens) ; 
(h) Lcucoides Spach; (c) Tacamahaca 
Spach (balsam poplars) ; (d) Aegeh^os 
Duby (cottonwoods, black poplars) ; 
and (e) Tiiranga Bunge (201). The 
geographical ranges of these natural di¬ 
visions, as indicated by their principal 
species, are shown in Table 1 wherein 

2 P. Denhardtiorum (Plngler) Dode, native 
of equatorial east Africa (78). 
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the classification, nomenclature and 
ranges follow essentially those of Reh- 
der (201). 

It will be noted that only one section 
{Leuce) is represented in the three prin¬ 
ciple regions where poplars are found 
and that Europe has only three native 


loideSy grandidentata, tacamahaca, tri- 
chocarpa and deltoides) occur at pres¬ 
ent in sufficient quantity to be of com¬ 
mercial importance. 

Considerable taxonomic difficulty pre¬ 
vails in the genus with regard to the 
proper nomenclature to be used for cer- 


TABLE I 

Populus: Geographical Range by Principal Bpecies 


Section 

North America 

Europe and 
Western Asia 

Central or 

Eastern Asia 

Leuce 

P. grandidentaia Michx. 

P. tremuloides Michx. 

P. Brandegeei Schneid.® 

P. alba L. 

P. tremula L. 

P. alba L. 

P. tremula L. 

P. Sieboldii Miq. 

P. oAenopoda Maxim. 

Lcucoidea 

P. heicrophylla L. 


P. lasiocarpa Oliv. 

P. WUsonii Schneid. 

Tacamanaca 

P. anguatifolia James 

P. acuminata Rydb. 

P. trichocarpa Hook. 

P. tacamahaca Mill. 

(= P. halsamifera L.1)* 


P. Sin^onii Carr. 

P. yunnanensis Bode 

P. szechuanica Schneid. 
P. tristis Fisch. 

P. cathayana Rehd. 

P. Majcimowiczii Henry 
P. Icoreana Rehd. 

P. lanrifolia Ledeb. 


Ai'ijeiroH P. deltoidea Marsh. P. nigra L. 

P. Sargcntii Bode 
P. Wisliscni (S. Wats.) Sarg. 

P. angvlata Ait. 


Turanga 


species in two sections {Leuce and Ae- 
(jeiros). These three species, however, 
with some of their numerous named va¬ 
rieties and hybrids are all of consid¬ 
erable importance in European forestry 
practice. 

The 12 species indigenous to North. 
America represent four sections, but 
only four or five of the species {tremu- 

^~P. monticoln Brandcgcc. This imper¬ 
fectly known species (47), endemic of southern 
Lower California and Sonora, is believed by 
Sargent (209, 210) and others to represent the 
New World counterpart of P. alba which it 
closely resembles. 

4 P. halsamifera L. is considered to be a 
nomen ambiguitm by some authors; not so by 
others (116, 207). 


P. euphratica Oliv. 

(No. Africa to central Asia) 

P. Denhardtioriim (Engler) Bode 
(Tropical east Africa) 

tain species, varieties, forms or hybrids 
of the several polymorphic and easily 
hybridized species. A number of work¬ 
ers have striven to bring some measure 
of order out of the chaos. In Great 
Britain Elwes and Henry (81), Henry 
(109, 111, 114) and Cansdale (55) have 
contributed to taxonomic clarification of 
the especially difficult and confused sec¬ 
tion Aegeiros. Houtzagers (116, 119) 
in Holland; Dode (77), Regnier (198, 
199), Guinier (99), Meunier et at (172) 
in France; Gombocz (92) in Hungary; 
and Sargent (210, 211) and Rehder 
(201) in the United States have also 
provided revisions and revaluations in 
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nomenclature for various sections of the 
^onus. Stout (236) and Stout and 
Schreiner (239) have emphasized the 
taxonomic confusion introduced by the 
i‘arly practice of assigning? Latin bino¬ 
mials to natural or artificial Fi hybrids 
which have been propagated vegeta- 
tively as clones. A further element of 
t»onfusion is provided when, as in the 
case of the artificial hybrid X P. gene- 
rosa Henry, it is found that not one but 
several sibs of both sexes, all vegeta- 
tively propagated, masquerade under 
the same name. The genetic ambiguity 
surrounding the binomial X P. gene- 
rosa is, however, a comparatively ephem- 
('ral mist, not' to be confused with the 
special degree of genetic confusion as¬ 
sociated with such natural native hy¬ 
brid names as X P. Jackii Sarg. (= taea- 
mahdca x deltoides) and X P, Andrexvsii 
Sarg. (= Sargentii x ac/uminaia), each 
one of whi(*h is used to designate an en¬ 
tire hybrid swarm o(‘(*urring in regions 
of range overlap of the parent species. 
Such mass grou])ing appears to be a 
legal and probably justifiable expedient 
on taxonomic grounds, but from the 
standpoint of genetic studies it is obvi¬ 
ously unsatisfactory. 

Forest genetic literature relating to 
the poplars is, as a result, especially 
rich in taxonomic confusion. Workers 
with such genetically obscure material 
have an understandable reluctance to 
assign authority names to the scientific 
names used, and it is therefore often 
difficult even to identify the section to 
which a plant name in question actually 
belongs. But even such apparently sat¬ 
isfactory names as ^*P. canadeyisis 
Moench’^ complete with authority, may 
be quite meaningless. Due to the am¬ 
biguity contained in the original de¬ 
scription made by Moench, the name 
has been attributed to at least five spe¬ 
cies and three hybrids in two sections 
by various taxonomists (55). 


The determined attitude of poplar 
specialists in Europe to establish a 
practical working basis for taxonomic 
problems is reflected in the activities of 
the Commission International du Peup- 
lier (21). Through a careful tabula¬ 
tion of the numerous clonal lines of 
poplars, especially of the section Aegei- 
7'os, cultivated in Europe, and with due 
regard to the International Kules of 
Botanical Nomenclature, this body pro¬ 
poses to secure a functional standardi¬ 
zation in nomenclature to replace the 
present prevailing inextri(*able confu¬ 
sion. 

A step in the right direction in this 
country was the precedent established 
by Schreiner and Stout (227) when 
they assigned clonal names, such as 
‘‘Frye’’ and “Rumford”, to ten of 
their selected hybrid clones. It is be¬ 
coming increasingly apparent that in¬ 
dividual names or numbers for such 
vegetatively propagated individuals, re¬ 
gardless of their taxonomic status as 
“species”, “varieties”, “forms”, “hy¬ 
brids”, etc., must be adopted by forest 
geneticists and breeders if any sem¬ 
blance of order is to be established in 
the genetic nomenclature. 

Utilization 

The wood of the American and Euro¬ 
pean species and varieties of poplar is 
em])loyed in considerable quantities for 
pulp, match-sticks and boxes, excelsior, 
veneer, small dimension lumber for in¬ 
terior trim, boxes, crates, wooden shoes 
and numerous other small articles of 
wooden ware (52, 196, 120). Of pecu¬ 
liar interest is the fact that the natives 
of Kenya Coloin% Africa, use the na¬ 
tive P, Denhardtiorum in the manufac¬ 
ture of their dugout canoes (34). 

Although long used and of respected 
industrial position in Europe and South 
America (Chile and Argentina) (196), 
poplar wood in this country has slowly 
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gained in popularity for more general 
use only during the past decfade. This 
increasing popularity, however, has 
probably been due to the demands of 
necessity resulting from the gradual 
elimination from the trade of various 
preferred species rather than to any 
fundamental change in relative value 
concepts. 

The awakening interest in the use of 
poplar wood in the United States is 
best demonstrated by the stimulated ac¬ 
tivity in utilization research designed 
to find new uses and improve old proc¬ 
essing techniques for trembling and 
largetooth aspen (P. ircmuloidea and 
P. (jrandideniata) in the Lake States. 
Due to poor cutting methods and lack 
of fire control, the original pine lands 
in this area were converted to almost 
pure stands of aspen early in this cen¬ 
tury (88). Tn the combined forested 
areas of Michigan, Wisconsin and Min¬ 
nesota, aspen today is said to be of pri¬ 
mary importance on some 20 million 
acres, representing 40 percent of the 
commercial forest land area (70). 

Tn 1947, through the active interest 
of the United States Forest Service’s 
Ijake States Forest Pixperiment Station, 
a series of 21 reports on the aspen situ¬ 
ation in that area were undertaken by 
members of this organization and other 
cooperating agencies. Most of these re¬ 
ports are now available (50, 62, 65, 89, 
137, 146, 197, 205, 208, 213, 215, 232, 
241, 250, 258, 293, 294, 297). Twenty 
of the bulletins an' concerned with the 
technicalities of utilization and exploita¬ 
tion of this newly discovered wealth, 
but at least one (297) is devoted to 
summarizing the limited silvicultural 
data on aspen which have accumulated 
in this country. 

Selection from Wild Stock 

It is generally accepted by plant 
breeders that an initial step in a breed¬ 


ing program should involve a careful 
evaluation and selection of breeding 
stock from the wild type. Although 
conceded and recommended by tree 
breeders in this country (221, 231, etc,), 
there is no published evidence to indi¬ 
cate that sueh studies have been under¬ 
taken with the native poplars.® 

In the United States the various wild 
species, forms and hybrids of Populus, 
both native and exotic, were claimed by 
Stout and Schreiner (239) to be in¬ 
capable of fully satisfying the demands 
for direct use in reforestation projects. 
Tn spite of this observation a search for 
superior wild individuals to be used 
either directly as elones or as parental 
stocks for progeny tests^ and hybridiza¬ 
tion studies appears logical and justi¬ 
fied. in view of the wide range of (di¬ 
mates occupied by many of the North 
American poplars, it might be antici' 
pated on the basis of Turesson’s (261, 
262) conclusions and those of Clausen, 
Iveck and Iliesey (57, 58, 59) that a 
probable wdde range of genetic variabil¬ 
ity exists in the wdld populations of our 
native species. 

Contrary to the complacency exhib¬ 
ited in this regard in this country, con¬ 
siderable effort has been directed in 
Europe to the selection of natural hy¬ 
brids, varieties and elite forms of pop¬ 
lars for direct use in forest plantations 
or as parental stock in simultaneously 
conducted progeny tests and breeding 
programs. 

in France, Belgium and Holland, 
•where the black poplars are grown un¬ 
der intensive management for veneer, 
match stock and small dimension lum- 

T(*sts of wild elite forms of native ])oplars 
are, however, currently under investigation at 
the Ma.yo Forestry and Horticultural Institute, 
Rochester. Minnesota, in collahoratioii with the 
Forestry Department of the University of Min¬ 
nesota; at the Department of Pathology, Uni¬ 
versity of Wisconsin, Madison, Wisconsin; and 
at the (\abot Foundation for Botanical Re 
search, Harvard University, Harvard Forest, 
Petersham, Massachusetts. 
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ber, the majority of cultivated clones 
liave been selected from natural vari¬ 
ants of the native black poplar (P. 
nigra L.), introduced forms of P. del- 
foides Marsh., P. angvlaia Ait. and 
chance hybrids which have occurred be¬ 
tween them since introduction of the 
American forms in the latter part of 
the 18th century. 

These ‘‘Hybrides Euramericains’^ in¬ 
clude the so-called ' ‘ Regenerc de 
’Oureq”, a clone of the cross deltoidea 
X nigra and variously referred to in the 
literature as X P. regenerata Henry or 
X P> canadensis regenerata ((Schneid.) 
Kehd. var.). This clone, although sus¬ 
ceptible to canker, is much prized for 
its rapid growth rate and good wood 
quality and is said to be the most im- 
])()rtant in France in number of trees 
and surface occupied. Other important 
clones are the “Vieux noir”; Suisse 
or “Black Italian Po])lar’’ (X P, scro- 
tina Hartig = X P. canadensis seraiina 
(Ilartig) Rehd.) ; and still others of the 
same hybrid origin called “Blanc de 
Poitou’’ and '‘Raverdeau blanc”. The 
clone of an angulata x nigra plantieren- 
sis cross (X P. rohusta Schneid.) is of 
importance in the production of match 
stock. This is a rare case of specificity 
in the naming of clones, for it is believed 
that only one seedling of the cross was 
propagated (55). 

In addition to the above, clones of the 
following are currently planted to a 
considerable extent in Holland: X P. 
gelrica Houts. (=X P. serotinax^ P, 
marilandica) ; X P. serotina Hartig 
var. erecta H(*nry; X P. marilandica 
Bose.; X P. herolinensis Dippel (= P. 
lavrifolia x P. nigra var. iialica) ; and 
X P. regenerata Henry var. erecta 
lloutz. (116, 119, 120).‘ For further 
data on the clonal lines propagated in 
western Europe, the following refer¬ 
ences may be consulted: 1, 21, 31, 32, 
107, 152, 172, 198, 237. 

Interest in the use of poplars for 


forestry purposes has been manifest in 
England in recent years. Henry (112), 
Lotbiniere (166, 167) and Ackers (1) 
believe the growing of poplars under 
forest management to be economically 
sound, provided desirable stock and suit¬ 
able sites are utilized. This has encour¬ 
aged search for the most desirable wild 
forms best suited to the plan of manage¬ 
ment and utilization. A valuable initial 
step in this direction was accomplished 
by Cansdale (55) in his ‘‘The species 
and hybrids of Popxdus cultivated in 
Britain”. An accumulation of other 
supplementary evaluating information 
on individual members of the genus has 
also been made by the same author. 

(’ansdalo and Ackers believe that X P. 
regenerata Henry and another clone of 
the same hybrid origin (P. regenerata 
Henry var. erecta Houtz.) may well 
prove to be valuable timber producers in 
the British Isles as they have in France. 
These clones have been grown success¬ 
fully in forest plantations in England 
for a full rotation (40-60 years) in sev¬ 
eral localities with high yield. 

According to Ackers, other native 
clones or introductions, including most 
of the black poplar varieties or hybrids 
grown on the continent, are promising 
for forestry use. The species P. yun- 
nanensis Dode, a balsam poplar of 
(>hina, and P. trichocarpa Hooker of the 
Pacific coast region of North America 
are being tested in forest plantations on 
various sites in the British Isles. 

Interest in wild selection of poplars 
in (Germany is chiefly reported in the 
work of Wettstein (271, 278, 279, 280, 
282, ‘283, 285). This investigator (276) 
indicated that studies of climatic races 
in various species of Populus and other 
genera have been carried on by the Ger¬ 
man Association for the Breeding of 
Forest Trees.^ Isolation of at least two 
climatic strains of P. tremula L. was 

6 Established through the interest of Erwin 
Baur in 1932. 
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later reported by Wettstein (278), and 
reports of progeny studies, showing var¬ 
iation among the seedlings of tremu- 
loidcs Michaux and P. tremtday were 
made by the same author (280). 

Vill (264) reported that the hybrid 
X P. charkowiensis Schroder [possibly 
X P. canadensis Eugenei (Simon-Louis) 
Schelle, the “Carolina Poplar”, com¬ 
monly planted as a street tree] is being 
grown extensively in the Rhineland. 
Although the clone under plantation 
conditions is said to make very good 
growth and to show considerable prom¬ 
ise as a timber producer, it is, neverthe¬ 
less, subject to canker. 

In Sweden the Swedish Forest Tree 
Breeding Institute (Ekebo, Kallstorp, 
Sweden) has directed considerable of its 
effort to the isolation of superior wild 
forms of P. fremula as a normal initial 
step in its aspen-breeding program 
(144). Selected trees must conform to 
high standards of stem form, braiu'hing 
habit, health and vigor before being ac¬ 
ceptable for ])rogeuy tests and breeding 
studies. The discfovery of nine clones 
of natural triploid P. tremula (42, 180, 
.138, 257), resulting from such surveys 
of wild stands, gives j)romise of supply¬ 
ing valuable wild material for direct 
forestry use and further breeding. Ac¬ 
cording to Nilsson-Bhle (180, 182), the 
first triploid clone which was discovered 
in south Sweden grows more rapidly, 
produces more wood per year and is be¬ 
lieved to be more resistant to attack b\' 
Polyporus sp. than the normal diploid., 
form. Also, because of its ‘"stronger' 
growth”, it is reported as able to suc¬ 
ceed in competition with lime, maple, 
elm and other hardwoods. The native 
diploid, on the other hand, is said to be 
found only on the outer margin of such 
mixed hardwood stands in southern 
Sw^eden. Tests of the triploid, or 
“gigas” form, have revealed its value 
for use in the match and paper pulp 


industries. The form is reputedly easy 
to reproduce by root cuttings, and, since 
diploid X triploid crosses have been suc¬ 
cessful in producing a number of tetra- 
ploid forms (246), it has now been pos¬ 
sible to produce triploid seed at will by 
diploid X tetraploid crosses (142, 143). 

Jablokov (125) in Russia has also re¬ 
ported discovery of a giant form of P, 
tremula which appears to be endowed 
with the same generally favorable char¬ 
acters as the Swedish form. Under the 
currently unfavorable position enjoyed 
by classical genetics in that country 
(212), the discoverer of the Russian 
form was inclined to attribute its origin 
to “vegetative propagation”, though 
polyploidy was not eijjcluded as an al¬ 
ternative. 

Controlled Hybridization and 
Selection 

Since 1912, when Henry (110, 111; 
synthesized X P. gencrosa Henry by the 
intersectional cross P. trichocarpa 
Hooker x P. angnlata Ait., a large num¬ 
ber of crosses within the genus Populns 
have been effected by various workers. 

Johnson (130) compiled a list of 121 
natural and artificial (*rosses in the 
genus in 1939. This list was later re¬ 
vised by Smith and Nichols (231) who 
omitted (Tosses involving parents of 
doubtful identity, thus reducing the 
number to 93. Smith (230) provided 
another revision, resulting in a total of 
83 crosses. A tabulation of the parents 
of these crosses by se(dlon were made 
by the same author; the resulting data 
are recorded in Table II. 

For further summaries or original re¬ 
ports of inter- and intraspecific, double, 
or back-crosses in the genus, the follow¬ 
ing may be consulted; Schneider (217), 
Wettstein (273, 274, 275, 278, 284), 
Aljbensky (4, 5), Stout and Schreiner 
(239), Cansdale (55), Heimburger (103, 
104), Johnson (130), Johnson and 
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ileimburger (136), Svoboda (243) and 
Kichens (204). 

Most workers have placed particular 
t iaphasis on interspecific crosses within 
the sections Leiice, Tacaniahaca and 
Aegeiros, and between the latter two 
sections. Tn these combinations there is 
apparently unlimited compatibiilty. A 
tew intersectional crosses involving spe¬ 
cies of Leuce x Tacaniahaca and Aege- 
iros have been made. One intersectional 
cross {P. lasiocarpax P. nigra) involv¬ 
ing the sections Leucoides and Aegeiros 
is recorded (204), but no other record 
of crosses involving Leucoides and none 
for Turanga has come to the author’s at¬ 
tention. On the basis of the degree of 


128, 129, 160, 290) which not only as¬ 
sures a greater degree of success with 
species that quickly mature their fruits 
{Popnlus and 8alix) but makes green¬ 
house hybridization possible with other 
genera as well. By this method, 
branches bearing female flower buds are 
placed in jars of water on the green¬ 
house bench and are then united, in the 
manner of an approach graft, with the 
stem of a seedling of the same species 
growing in a pot. When the union is 
effected the lower portion of the branch 
(scion) is removed from the bottle of 
water and pruned off close to the point 
of union. It is claimed that such 
“dwarf trees” may continue to produce 


TABLE II 

Natural and Artificial Poplar Hybrids Within and Between Seitions 


Leuce 

Leuce 

Leuce 

Taeamahaea 

Taeamahaea 

Aegeiros 

X 

X 

X 

X 

X 

X 

Leuce 

Taeamahaea 

.lege iros 

Taeamahaea 

A eg e iros 

A eg e iros 

14 

2 

4 

7 

28 

28 


compatibility demonstrated in the other 
sections of the genus, it would seem un¬ 
likely to be absent in these. 

Hybridizing Technique. Pearly hy¬ 
bridization studies in Populus were car¬ 
ried out through the laborious method 
of bagging mother trees in situ (238, 
239), but with rediscovery of the ‘‘ green¬ 
house methods”, poplar hybridization 
has become amenable to modern mass 
production methods. Yanchevsky’s 
(292) cut twig method, first used for 
hybridizing Salix species, in which 
flower bud-bearing branches of the in¬ 
tended parents are cut and conveniently 
placed in jars of water on the green¬ 
house bench and forced at will, was re¬ 
discovered by Wettstein (271) and suc¬ 
cessfully applied by this worker and 
others (140, 231, 133, etc.) to the pop¬ 
lars. A further elaboration of this tech¬ 
nique was supplied by rediscovery of the 
ancient ^^bottle-grafting” method (41, 


flowers and mature fruits periodically 
for several years. 

A somewhat similar technique is sug¬ 
gested by currtmt studies of bud and 
rootstock compatibility being e.onducted 
by the present author (187). Willow 
flower buds budded on a poplar hybrid 
rootstock in August, 1946, opened and 
developed with apparent normality in 
the spring of 1947. It is thus suggested 
that flower buds of desired parents 
might be budded on the same or different 
potted rootstocks and hybridized in the 
greenhouse. In this connection it would 
be of interest to determine whether the 
isolating mechanism of different flower¬ 
ing times effective between two species 
of overlapping range in nature might 
be altered by budding both on the root- 
stock of another species. 

By use of the greenhouse hybridiza¬ 
tion methods the early practice of select¬ 
ing mother trees on the basis of their 
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ease of access in arboreta or on boule¬ 
vards rather than on the basis of more 
pertinent genetic characters has been 
essentially overcome. Twig material 
bearing flower buds may now be col¬ 
lected in the dormant condition from 
elite trees any place in the world where 
air transport is available and shipped 
to any other point for crossing under 
greenhouse conditions. The crossing of 
an individually superior European as¬ 
pen, for instance, selected in Sweden, 
with an individually superior Chinese 
aspen from central China may now be 
accomplished with a minimum of effort 
and expense in a greenhouse in the 
United States. 

United States. With the exception of 
the early tree hybridization experiments 
of Klotzsch, Ness and Henry, and the 
chestnut breeding work of Van Fleet 
and Graves, the first formally designated 
tree-breeding project was that started 
in the genus Populits in 1924 by the 
Oxford Paper Company, Rumford, 
Maine, in collaboration with the New 
York Botanical Garden. This work was 
conducted and reported by Stout, 
McKee and Schreiner (238), Stout and 
Schreiner (239, 240) and Schreiner and 
Stout (227). 

The preliminary objective of the pro¬ 
gram was to evaluate and test the known 
species and hybrids of Popuhis on the 
basis of their value for pulpwood refor¬ 
estation and to prodiu'.e through hybrid¬ 
ization more valuable types* than those 
in existence. As previously pointed out, 
however, there are no available data to 
indicate that the evaluating and testing 
of the known species and hybrids were 
actually carried out. There is, on the 
contrary, abundant evidence that the 
hybridization program was prosecuted 
with vigor. About 13,000 hybrid seed¬ 
lings were obtained from about 100 suc¬ 
cessful cross combinations. Thirty-four 
different poplars were involved as par¬ 


ents : three white poplars and five aspens 
(Sec. Lcuce) ; 17 black poplars or cot¬ 
tonwoods (Sec. Aegeiros) ; and nin(‘ 
balsam poplars Tacamahaca), The 
sections Leueoidcs and Turanga were 
not involved. A detailed list of indi¬ 
vidual crosses has not been incorporated 
in this review but they are available in 
the original papers by the authors noted 
above and in the list of hybrids compiled 
by Johnson (130). 

Initial selection of the hybrid popula¬ 
tion, based primarily on vigor of growth, 
was made during the second year. Six 
hundred seedlings were thus selected. 
The remainder, and also those weeded 
out by subsequent selections, were 
planted in a forestation plantation. 
Cuttings of the selected plants were also 
thus planted. Significantly, some of the 
earlier discarded plants were later se¬ 
lected on the basis of their performance 
in the forestation planting. 

The second selection reduced tie 
jiumber of selected clones to 69. All of 
these were hybrids within or between 
the sections Aegeiros and TacamahaeM. 
1 n most eases two or more sister hybrids 
were represented among the 69 selected 
individuals. From the cross P. nigra x 
P, laurifoUa a total of 377 hybrid seed¬ 
lings were grown, and of this number 
ten W’ere among the 69 selected plants. 

Schreiner and Stout (195) described 
their finally selected hybrids on the 
basis of vigor of growth, ability to root 
from stem cuttings, hardiness and re¬ 
sistance to disease. Since the descri])- 
tions were based on nursery sto(*k and 
young trees, it was impossible to record 
the sex, form of tree, and character of 
the trunk. Ten of the clones were as¬ 
signed horticultural names, as indicated 
in Table III. • 

A number of the selected clones from 
these crosses have been given wide dis¬ 
tribution for testing under various soil 
and climatic conditions in this country 
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and in Europe, but no very extensive 
results of these trials have as yet been 
published. 

A point of peculiar interest to tree 
breeders and forest geneticists is the 
fact that for some obscure reason certain 
of the hybrids produced in this hybrid¬ 
ization study were patented in this coun¬ 
try and also, reportedly, in Sweden by 
R. 11. McKee, one of the authors of the 
first preliminary report (238). 


servations reported by Paul (185) in 
the case of other diffuse porous hard- 
Avoods grown under extremely adverse 
conditions. The resultant narrow rings 
contain abnormally large percentages of 
porous tissue with corresponding de¬ 
crease ill specific gravity and hardness 
of wood. 

Johnson’s (132) results from studies 
of the relation of growth rate to wood 
quality in hj^brids involving P. alba, P. 


TABLE III 

List of Selected Hybrids Showing Clonal Name and Nomenclature of Fajients, Accord¬ 
ing TO Schreiner and Stout (227). Average Diameter and Height After Seven Seasons of 
Growth from Stem Cuttings at Mont Alto Arboretttm, Pennsylvania, on Well-Drained 

Sandy Loam (13).‘ 




A verage 

A verage 

('li)nal 'Same 

Pare nf age 

DBU 

Hi'. 



(ijiclies^ 

(feet) 

Pryo 

P. nigra X PAatirifolia* 

0.7 

37.0 

Rumford 

P. nigra x P. laurifolia* 

.3.2 

27.0 

Strathglass 

P. nigra x P. laurifolia* 

.3.0 

24.0 

Roxbury 

P. nigra xP. tricliorarpa* . 

2.9 

20..3 

Andover 

P. nigra heiuUfolia x P. irichocarpa* 

1.7 

17.0 

Geneva 

P. 'Maximowicsii* x XP. herolincnms* 

.3.0 

29.0 

Oxford 

P. Maximowiezii* x XP. berojinentiis* 

2.9 

27.0 

Roebester 

P. Maximowiezii* xP. nigra plantierensis 

4..3 

31..3 

\ndroscoggin 

P, Maximowiezii* x P. Irichocarpa* 

.3.1 

25.0 

Maine 

P. candicans* x XP. bcrolitiensix* 

2.1 

17.5 


*=of the See. Tacamahaca; all others of the See. Aegeiros, 


Schreiner (220) reported that fiber 
length and density of wood of the finally 
selected hybrids had been preliminarily 
investigated. On the basis of average 
fiber length of one-year-old wood of the 
hybrids (0.8 - 0.85 mm.) as compared 
with fiber length in one-year-old Avood 
of P. tremuloidvs (0.53-0.57 mm.), the 
hybrids axipear to be definitely superior. 
It was also noted that wood of the hy¬ 
brids was somewhat denser than wild 
aspen wood grown in western Maine. 
This is believed to have been due pri¬ 
marily to the proportionately larger ves¬ 
sel volume, ?.c., greater per cent of air 
space per unit volume, in wood of the 
slower growing aspen. Schreiner’s con¬ 
clusions on density concur with the ob- 
7 See rIho Grusebow (97) and Silcri (228). 


(jrandidentaia and P. trcmuloides are 
of interest in this connection. This in¬ 
vestigator found that, although fiber 
length in individual fast and slow 
growth annual rings from the same tree 
showed a marked tendency for fast 
growth rings to produce longer fibers, 
data from individual fast grown and 
slow grown trees did not show signifi¬ 
cant relation between fiber length and 
growth rate. In general he concluded 
that nothing was found that would sup¬ 
port a contention that abnormally rapid 
growth is seriously detrimental to wood 
quality, and that breeding work de¬ 
signed to produce rapidly growing forest 
trees can proceed with some assurance 
that rapid growth and good wood qual¬ 
ity are not incompatible. 
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Bray and Paul (48) compared the 
pulping quality of trembling aspen with 
various hybrid poplars and observed 
that the growth rate of the hybrids was 
greater and the pulp strength higher. 
The pulp yields per unit weight of wood 
of the hybrids were, however, lower and 
their bleaching requirements greater. 
Interpretation of data in this study was 
confounded by a variability in quality 
which was noted along the stem of indi¬ 
vidual trees. 

The hybridization and selection work 
with the poplars carried on at Harvard 
University through support of the Maria 
Moors Cabot Foundation for Botanical 
Research is as yet incompletely reported 
in the literature. A number of early 
interspecific crosses involving species of 
the sections Leuce, Tacamahaca and 
Acgeiros were reported by Smith and 
Nichols (231). These workers observed 
that crosses involving P. maximowiczii 
appeared to be most promising. 

Subsequently, double-crosses of a 
clone of X P. (jenerosa Henry with 
clones of X P. Jackii Sarg., X P. hero- 
linensis Dipp. and X P. robusta Schneid. 
have provided progenies which are now 
establisli<*d in permanent test planta¬ 
tions. Interest in this material is di- 
rectted especially to an analysis of the 
(‘orrelation existing between the juvenile 
and adult expression of such characters 
as heterosis, stem form, branching habit 
and disease resistance as a means of 
determining the accuracy with which 
early selections may be made in hybrid 
poplar progenies. A report (186) by 
the author based on data accumulated 
during the first three years of observa¬ 
tion of the generosax Jackii progeny 
indicates that selection for heterosis 
during the first or second year of age is 
not entire!}^ effective. 

Other current poplar investigations 
under sponsorship of the Cabot Foun¬ 
dation are chiefly concerned wdth the 


study of ecotypic variability within tlu* 
North American species of the genus. 
On the basis of preliminary observations 
it may be stated that intraspecific crosses 
involving elite parents of widely sepa¬ 
rated geographic origin hold consider¬ 
able promise as sources of vigorous and 
otherwise desirable forms. 

Germany. Hybridization studies in 
the genus Pop ulus have been reported 
periodically by Wettstein (271, 273, 274, 
etc.) in Oermany. Of a large number 
of intra- and intersectional crosses made, 
progeny of* the following were reported 
as showing exceptional heterosis when 
compared to parental vigor: 

P. alba X P. fremula 
P. alba X P. canadensis 
P. eucalyptus x P. canadensis 
P. albaxP. nigra pyramidalis 
P. fremuloides X P. tremula 

Intraspecific crosses involving clima¬ 
tic strains of P. tremula were re])orted 
by Wettstein (278, 279, 285), and in 
most instances hybrid vigor of the prog¬ 
enies, based on the first season’s height 
growth, was well marked. 

The breeding work of Wettstein has 
not been directed primarily to the syn¬ 
thesis of rapidly growing forms but to 
the development of new forms l(‘ss exact¬ 
ing in their site recpiirements. Poplar 
culture in Europe has so developed that 
the species P. alba and P. tremula have 
been almost entirely eliminated because 
of their slow growth, crooked stem form 
and normally small dimensions on poor 
soils in western Europe. In utilizing 
these species as parents, Wettstein has 
lapped to obtain hybrids showing hetero¬ 
sis and improved form but still making 
low site demands. 

Wettstein’s studies of ecotypic varia¬ 
bility (250) demonstrated that ecotypes 
of P. tremula found in continental or 
cold regions have greater frost resistance 
and a shorter growing season with ear- 
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lier entrance into dormancy than types 

milder climates. Swedish and East 
I’russian iremtila trees, for instance, 
when grown near Berlin, begin their 
dormancy in September, whereas /re- 
ni ula of w^estern or southern provenance* 
is still green in October. 

In intraspecific crosses of tremula, in¬ 
volving various ecotypes, length of grow¬ 
ing season of individual hybrids demon¬ 
strated noticeable variation from that of 
their parents. It is thus possible to 
synthesize forms best suited to a par¬ 
ticular locality. 

Canada. Heimburger (103, 104) in 
(^anada has carried on rather extensive 
breeding studies in the genus Populns. 
This work has been reviewed recently 
by Farrar (83), and a summary of 
crosses undertaken is tabulated by John¬ 
son and Heimburger (136). The object 
of the breeding program was to produce 
hardy and disease-resistant material of 
vigorous growth for the production of 
wood of high quality to meet the de¬ 
mands of the match, veneer and pulp iji- 
dustries of Canada. In addition some 
attention was directed to the develop¬ 
ment of material suitable for shelterbelt 
plantings in the prairie provinces. 

In 1936 Heimburger reported the suc¬ 
cessful crossing of P. alha L. and P. 
canesevns Sin. ((H)nsidered by Heim¬ 
burger, Wettstein and others to be of 
hybrid origin: alba x tremula) with P. 
trcmuloidfs Michx. and P. (jrandiden- 
fata Michx. The cross tremidoides x 
(fra7idide7itata was also consummated. 

Progeny of alba x (jrandidenlaia^ and 
treaiuloides x (jrnndidcyifaia^ iiniforndy 
displayed (diaracters intermediate be- 

^ Vietorin (263) reported natural hybrids of 
these crosses in Quebec. Under normal con¬ 
ditions in Canada, however, P. trevivloidrs 
flowers about ten days before P. grandidentata 
but at about the same time as P. alba (88). 
Natural hybrids of the latter have been com¬ 
pared with the artificial and found to be iden¬ 
tical (104). Tubeuf (260) reported natural 
hybrids between P. alba and P. trevuda. 


tween the two parents involved. Prog¬ 
eny of cancscensx grandidentata, how¬ 
ever, showed great variation in vegeta¬ 
tive characters, thus providing further 
evidence of the presumed hybrid origin 
of P. canescens. 

Heimburger later (104) reported tests 
of si^routing ability of root cuttings and 
hardiness of the above hybrids. At the 
end of the first growing season root cut¬ 
tings were made of the hybrids and 
planted immediately in the nursery 
where they were allow’ed to over-winter. 
All of the tremidoides X grandidentata 
and alba X grandidentata clones sur¬ 
vived, but a number of the canescens x 
gi'ayxdidentata perished; whether this 
failure was due to lack of hardiness or 
poor suckering ability is not clear. In 
any case such physiological variation 
was anticipated on the basis of the high 
degree of morphological variation pre¬ 
viously noted for this progeny. 

(rrowth vigor and resistance to die- 
back caused by Napicladinni sp. was 
selected for during the 1938-39 seasons. 
This resulted in removal of all the tre- 
nudoides X grandidentata hybrids. These 
plants showed medium to poor growth 
and great siisc(*ptibility to die-back, but, 
on the other hand, showed a fair degree 
of resistance to Melarnpsora rust. Heim¬ 
burger suggested that such extreme sus- 
(‘cptibility of some hybrids to disease 
may be added to the mechanisms of iso¬ 
lation which maintain species ditferen- 
tiation, as described by Dobzhansky 
(76). 

Subsequent develo))ment of tlie alha x 
grandideyitata progeny gave promise of 
valuable varieties available directly for 
reforestation plantings. Well-marked 
hybrid vigor, easy ])ropagation by root 
cuttings, at least of juvenile material, 
and w^ell-defined resistance to Mclanip- 
sora rust and Xapicladium die-back 
were shown. 

A number of other successful crosses 
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were later reported by Hoimbiirger 
(104). Of genetie interest is the pre¬ 
liminary analysis of the mode of inheri¬ 
tance of branching habit indicated by 
the double cross: X F, herolinemis Dipp. 
X X “ Northwest Poplar ’ ’ (believed to 
be derived from natural crosses of P. 
deltoides Marsh, x P. tacamahaca Mich- 
auxii (Dode) Farwell var.). Since both 
parents in the cross are themselves hy¬ 
brids of Tacamahaca X Aegeiros crosses, 
their progeny showed wide variation in 
vigor and leaf and stem characters. Of 
the 26 plants selected after discarding 
some dwarf seedlings, 12 showed the 
‘‘excessive juvenile branchiness’’ char¬ 
acter typical of X P. herolinensis, while 
the remaining 14 had the “clean stem“ 
character. It was tentatively concluded 
that “excessive juvenile branchiness^^ is 
dominant to “clear stem’’ and may be 
transmitted to about one-half of the 
progeny in this cross. Branchiness is 
an undesirable character for the produc¬ 
tion of clear wood for various industrial 
purposes, but for shelterbelt material it 
is exceedingly desirable. For this rea¬ 
son the above cross was repeated on a 
larger scale, using other “Northwest 
poplar” material more resistant to Sep- 
toria canker and Melampsora rust. 

Sweden. Hybridization studies in 
Sweden have been concerned chielly 
with intraspccific crosses involving dip¬ 
loid and triploid forms of the native 
F. ircmula and the especially promising 
trcmula x tremuloidcs crosses which have 
been recently given wider scope by the 
introduction of ecotypes of wide geo¬ 
graphic origin throughout the ranges 
of both species. 

Johnsson (144) has noted that in com¬ 
parative growth tests, Fi’s of trcmula x 
tremuloidcs have markedly superior 
vigor as compared to the native trcmula 
and that the hybrids are not attacked 
by Fusicladium radiosum and only to a 
small degree by Melarnpsora rust. With 


respect to quality, however, progeny of 
some crosses of trcmula elite trees are 
superior to the interspecific hybrids 
produced. 

Nilsson-Ehle (181, 182) and Berg- 
Strom (35) reported genetical and cyto- 
logical studies of successful diploid x 
triploid crosses of P. trcmula. The 
crosses were made primarily to deter¬ 
mine the possibility of obtaining a tetra- 
ploid, since Miintzing (176) reported 
some giant pollen grains (with possibly 
the 3n complement of 57 chromosomes) 
produced by the wild triploid dis¬ 
covered in Skiine, Sweden. Interest in 
securing a tetraploid was prompted by 
the presumed feasibility of producing 
triploid seed at will by diploid x tetra¬ 
ploid crosses. 

Of the approximately 1*00 plants ob¬ 
tained from one of the crosses, the ma¬ 
jority were aneuploid (mostly hypotrip- 
loid), several were exactly diploid, one 
exactly triploid and one exactly tetra¬ 
ploid. All of the progeny proved to be 
healthy vigorous plants. The triploid 
and near-triploids, however, were dis¬ 
tinguishable from the others by their 
extremely rapid height growth. The 
tetra])loids IVll somewhat below the tri- 
])loid in vigor but had the largest leaves 
of all the progeny. The intermediate 
aiicuploids showed poor development 
and were highly divergent in appear¬ 
ance, many dying at an early age. 

These observations concur with Johns- 
soii’s (138, 139, 142, 143) studies of the 
])rogeny of diploid x triploid and trip¬ 
loid X triploid crosses of P. trcmula 
•which led him to conclude that triploidy 
represents the optimal degree of poly¬ 
ploidy in this species. The absence of 
tetraploid species or forms of Fopulus 
in nature, as fan as is known, is cited 
as evidence that tctraploidy represents 
the limit of vitality in this genus. 

Russia. Available reports of hybridi¬ 
zation studies involving the poplars 
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which have been undertaken in Russia 
appear to be confined chiefly to the pub¬ 
lications of Aljbensky (= Arbensky or 
Aljbenskic) (2-6), Jablokov (123, 124, 
126) and Bogdanov (46). 

The practical objective of the work 
of Aljbensky has been directed to the 
production of fast-growing, drought-re¬ 
sistant hybrids for use in plantations 
and windbreaks in the steppes. Promis¬ 
ing hybrids have been derived from a 
number of intra- and intersectional com¬ 
binations involving European and Asia¬ 
tic representatives, some of obscure 
identity, belonging to the sections Lcuce, 
Aegeiros and Tacamahaca (4, 22). Se¬ 
lections from the following crosses, pro¬ 
pagated by cuttings and tested for four 
to seven yoarn at Kamyshin (ca. Lat. 
50° N. Long. 45° E.), were rated best 
on the basis of their frost-, drought- 
aiid borer-resistance, ease of propaga¬ 
tion by cuttings, and adaptability to a 
wide range of soils (5) : 

P, halsamifera x X P. herolinensis 
P. rnoscoviensis x X P. hcrolinensis 
P. pyramidalis x P. simonii 
P. pyramidalis x P. nigra 
P. alha X P. hollcana 

The hybridization experiments re¬ 
ported by dablokov indicate i)re-occu])a- 
tion with the atavistic trend of genetic 
theory sponsored by the Lysenko S('hool, 
and his work is thus concerned essen¬ 
tially with providing purported proof 
of the theory of the plasticity of the 
genotype under various environmental, 
especially nutritional, influences. 

According to this worker (123), an 
analysis of progenies of (*rosses involv¬ 
ing P. alba and P. trennda demonstrated 
that ])lants derived from one catkin on 
the mother tree of a particular cross 
were all uniform but differed signifi¬ 
cantly from plants derived from other 
catkins op the same tree. Significant 
differences were also claimed between 


progenies derived from crosses on trees 
in the open air and those derived from 
crosses of the same individuals using 
cut twigs in the greenhouse. 

The influences of the Lysenko school 
are also noted in the description of the 
‘Vegetative hybrids’’ of Bogdanov (46), 
said to be derived from adventitious 
buds arising from callus tissue on 
stumps cut at the union of stock and 
scion or one-year old grafts. The inter¬ 
esting suggestion that such “hybrids” 
may be chimeras or very possibly tetra- 
ploids of either stock or s(don tissue is 
not noted by the author. 

Mode of Inheritance. Data on the 
mode of inheritance of various char¬ 
acters in Pop ulus are for the most part 
conspicuously lacking in the literature. 
This is largely due to the comparatively 
long time required for the plants to 
reach sexual maturity and the difficul¬ 
ties associated with the preservation of 
a sufficiently large sample of the F 2 to 
proved a statistical basis for study. 

The dominance of certain characters 
in particular crosses has, however, been 
noted by various authors. Thus the 
fastigiate branching habit of P. 7iigra 
ifalica tends to be transmitted as a dom¬ 
inant (204, 178, 279, 126). Heim- 
burger (104) noted the dominance, of 
certain branching characters, and John¬ 
son (134) has reported in some detail on 
the inheritance of certain characters in 
El and F 2 hybrids of a P. alba x P. 
grandidentata cross. Of interest in this 
I'egard are the data on height for the 
parents, Fi, and F 2 hybrids: 

Average 
Height at six 
years (Ft.)^ 


P. alha 14.0 

P. grandidentata 11.7 

Fi ' 17.6 

F 2 (168 plants) 9.5 


» Parental and Fi clones propagated by cut¬ 
tings; Fa plants are seedlings. 
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This appears to be the first comparative 
evidence of F 2 vi^or reported in the 
{renus. 

Studies of photoperiodic response in 
P. tremula in Sweden (14, 244) and 
Germany (285) have revealed that day 
len|?th is a critical factor in growth. 
Sweden with its wide range in the high 
latitudes (ca. 56° N. to 69° N.) is es¬ 
pecially well suited to such studies. Of 
considerable interest to tree breeders are 
results of investigations which indicate 
that northern (long-day) races of P. 
tremula are dwarfed when grow’ii at the 
lower latitudes (short days) of southern 
Sweden. But conversely, plants of 
southern origin are stimulated in grow th 
when transplanted to regions of long- 
day in the north. In these cases, pre¬ 
sumably, the limiting factor for survival 
of such plants is their frost resistance. 

Studies of crosses between northern, 
southern and geographically intermedi¬ 
ate forms revealed that plants of north¬ 
ern and southern origin were uniformly 
homozygous for long- and short-day re¬ 
sponse, respectively, whereas plants 
from central Sweden w^ere heterozygous 
for these factors. It w^as further dem¬ 
onstrated that long day response of 
northern forms w^as inherited as a domi¬ 
nant character (14, 244). 

Selection for Disease Resistance 

A considerable literature 011 varietal 
resistance to the various poplar diseases 
has accumulated in this country and 
in Europe. No effort has been made 
here to summarize this literature in 
detail but the following references may 
be consulted. 

In this country the problems of selec¬ 
tion for resistance to cankers {Cyto- 
spora (= Valsa), Dothichiza, Hypoxylon, 
Nectria, Septoria, etc.), die-back {Cyto- 
spora, Napicladium) and leaf rust {Me- 
lampsora) have been discussed or inves¬ 
tigated by Detmers (71), Hartley (101), 


Schmitz and Jackson (216), Schreiner 
(218, 219, 221), Stout and Schreiner 
(239), Schreiner and Stout (227), 
Heimburger (103, 104), Bier (36-38), 
Gruschow’ (97), Davis (66), Waterman 
(269) and others. 

Investigations of varietal resistance 
in Plurope are reported by Day (67), 
Day and Peace (68), Delevoy and Bou- 
dru (69), Wettstein (279, 283), Roll¬ 
ing (148-151), Pelkwdjk (191), Vloteii 
(266), Peace (189, 190), Jablokov 

(126), Nilsson-Ehle (180, 181), Reg- 
nier (200) and others. The essentially 
taxonomic wwk of Regnier (198, 199) 
in P^rance, Iloutzagers (116) in Hol¬ 
land, and Cansdale (55) in England, 
to w^hich reference has been made be¬ 
fore, represented initial ground work 
for further pathological investigations. 

Vegetative Propagation 

The ability to produce root suckers 
or stump sprouts under field conditions 
appears to be characteristic of most spe¬ 
cies of poplar, and with some species, in 
certain areas, such asexual methods may 
provide the principle means of repro¬ 
duction. 

Baker’s (26) study of aspen {P. 
fremiUoidcs aurea (Tidestr.) Daniels) in 
the central Rocky Mountains empha¬ 
sizes the almost exclusive dependence 
on root sucker in g as a means of stand 
reprodiK'tion and extension in that area. 
A somewdiat similar situation appa¬ 
rently prevails in other regions of the 
United States and in Europe for the 
native aspens, but periodic reproduc¬ 
tion by seed at favorable intervals, es- 
l^ccially following fire, very likely oc¬ 
curs rather freciuently. 

In contrast to the aspens, the ^^cot¬ 
tonwood complex” (P. deltaides) of 
the eastern United States places little 
reliance on suckering in nature. Re¬ 
production is chiefly by seed on the fa¬ 
vorable seed beds present along the 
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water oourses whore it ooours. The vig¬ 
orous stiiinp sprouting ability of young 
cottonwood is, however, exploited by 
the silviculturist (289). 

The ability to root from stem cut¬ 
tings under most conditions in high per¬ 
centage without special treatment or 
handling appears to be characteristic of 
the spe(*ies of Tncamahaca and Aegeiroa. 
The members of the section L(ntce, how¬ 
ever, are in general considered to be 
“difHcidt” or ‘'resistant” plants, and 
auxin treatment is usually recpiired. 

Snow (233) has demonstrated that 
dormant one-year old stump sprouts of 
individual trembling and largetooth as¬ 
pen with which he worked could be 
rooted to the extent of 67 percent by 
treating with a 10 mg. per liter con¬ 
centration of indolebutyric acid for 27 
hours. Other treatments and results 
for individuals of other species of Pop- 
ulus, as well as other ligneous genera, 
have been summarized in a re(*ent com¬ 
prehensive review by Thimanii and 
Behnke (251). 

Although the asj)ens produce vigor¬ 
ous root suckers in nature, root cut¬ 
tings as a rule prove an unreliable 
means of propagating older trees, even 
under nursery conditions. The cuttings 
usually produce abundant shoots, but 
high mortality at an early stage makes 
this method generally impractical. 

A valuable technique for asexual 
midtipli(‘ation of aspen and white pop¬ 
lars by stem cuttings which does not 
require auxin treatment has, however, 
been developed in Denmark (154, 155). 
Root cuttings are sprouted, and small 
soft-wood (‘Uttings of the shoots are 
then made and rooted in sand. Such 
cuttings from aspen and gray poplar 
gave 80-100 percent rooting in 10-14 
days. 

(Considerable inter- and intraspecific 
rooting variability has been noted by 
Canadian workers in the section Leuce, 


P, alba is in general said to be less re¬ 
sistant to rooting than the European 
or American a.spens and shows notice¬ 
able interclonal variability in this char¬ 
acter (83). Johnson (134) has indi¬ 
cated that the rooting capacity of P, 
alba is transmitted as a dominant char¬ 
acter to its progeny in the cross alba x 
grandidentafa but not in the cross alba x 
treniidoides. It was postulated that 
tremuloides carries an inhibitor for the 
alba rooting factor. Stout and Schrei¬ 
ner (239) observed that hybrids of the 
cross deltaides x grandidentafa.. were 
characterized by the poor rooting char¬ 
acter of the aspen. These workers, as 
well as ifeimburger (104), have also 
reported clonal variation within the na¬ 
tive cottonwood. Stout and Schreiner 
(239) stated that the rooting ability of 
some of their hybrids showed great im¬ 
provement over rooting ability of either 
parents. The data upon which these 
conclusions were based or the specific 
cases involved were not, however, noted. 

Thimann and Delisle (252) and Lar¬ 
sen (155) have discussed the vital in¬ 
fluence of various circumstances, espe¬ 
cially the age effect of the tree from 
which (Sittings are taken, and several 
environmental factors (type of rooting 
medium, temperature, auxin concentra¬ 
tion used, etc.), all of which exert a 
profound influence on the success or 
failure of root formation. On the basis 
of present evidence it is apparent that 
decisions with regard to the relative 
rootability of cuttings of various clones 
within or between species must be ex¬ 
pressed in very general terms, unless 
carefid duplication of treatment is used 
in the comparison. 

It has been previously pointed out 
that one of the attractive features of 
this genus as experimental material for 
forest genetics and tree-breeding studies 
is closely associated with the e^se with 
which most individually superior clones 
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may be propagated by twig or root out- 
tings. From a practical point of view 
rootable twig cuttings are more desir¬ 
able than sproutable root cuttings be¬ 
cause of their ease of handling, plant¬ 
ing, etc. under forest plantation condi¬ 
tions. This situation has produced a 
rather profound influence on the direc¬ 
tion that poplar breeding studies have 
taken in this country and has possibly 
obscured certain paths of research 
which might be profitably investigated. 

With the exception of the Canadian 
work (103-105), little or no interest in 
the improvement of aspens has been 
shown in North America. Although the 
aspens in this country were early dis¬ 
credited and essentially ignored (205), 
commercial interest in their utilization, 
as previously pointed out, has steadily 
increased. The fact that a general no¬ 
tion prevails as to their poor rooting 
ability should not invalidate them as 
valued material for tilee-breeding stud¬ 
ies. On the basis of the apparent clonal 
variability in P. alha with regard to 
this factor, there seems to be no logical 
reason to discount the possibility of its 
(>i?currence in trembling or largetooth 
aspen. This information, however, must 
be gathered by a systematic analysis of 
variability in the wild population and 
not through the testing of taxonomic 
specimens in arboreta. 

Even in the complete absence of (fit¬ 
ting rootability it does not seem logical 
to ignore possibilities of improvement 
for the native aspens. If tested inter- 
or intraspecific crosses Avhich yield a' 
progeny containing a sufficiently high 
percentage of superior individuals are 
found, it would seem advisable to en¬ 
quire into the possibility of using a 
direct seeding method on especially 
adaptable sites. 

Burned-over areas in New England 
and the Lake States might be profitably 
managed in this manner. With the 


stand established by direct seeding, pos¬ 
sibly using pelletized seed, it might be 
cut for pulp on a short rotation and 
then managed as coppice for a second 
rotation. The generally beneficial re¬ 
sults to the soil associated with accumu¬ 
lation of hardwood litter might then 
make the site more suitable for the es¬ 
tablishment of other desired species 
more demanding in their site require¬ 
ments. 

Ileimburger (105) has pointed out 
that the chief disadvantages of the cot¬ 
tonwoods and balsam poplars for for¬ 
estry use lie in their requirements for a 
soil which is rich by forestry standards 
and their special demands for careful 
site preparation. Aspens, however, may 
be grown on almost any level of fertility. 

These observations are supported to 
some extent by the fact that the natural 
habitat of cottonwoods and balsam pop¬ 
lars are strictly low river-bottomland 
or swamp borders, whereas aspens are 
notably ubiquitous. Although capable 
of occupying a wide range of sites, 
there is no doubt that the quality of the 
aspen stand produced is closel}' (*orre- 
lated with site quality (297). 

Silvics and Culture 

The silvical characters of the various 
poplars and cultural practices used in 
forest plantations and natural stands in 
several countries have been described by 
various authors. Forestry Commission 
Bulletin No. 5 (10) and Leaflet No. 27 
(23) of the Forestry Commission pro- 
Vvide a useful summary of cultivation 
methods in Great Britain. French 
practice is discussed by Breton-Bonnard 
(49,-50), Stout (237), Guinier (99) and 
d'Alviella (7). Jnterest in poplar cul¬ 
tivation in the Netherlands is discussed 
by Iloutzagers (118, ]20) and Meeiker 
(170); in Norway by Barth (33) ; and 
in Germany and Switzerland by Leiber 
(163), Zircher (300), Barbey (31), 
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Wettstein (281, 283) and others; Bog¬ 
danov (43-45) discussed RiLSsian meth¬ 
ods. Weigel and Frothingham (270), 
Baker (24, 26), Williamson (289), But- 
trick (54), Kittredge and Gevorkiantz 
(147), Bull and Muntz (53), Zehngraff 
(295-299), Stoeckler (235) and others 
have described silvicultural practices 
employed in the United States. 

The important role of sod through 
its inhibiting influence on the success¬ 
ful establishment of poplar and other 
hardwood plantations has been studied 
and reviewed in considerable detail by 
Schreiner (224-226). 

Chromosome Number 

From lists of chromosome numbers 
and other reports published by various 
authors (40, 173, 86, 87, 253-256, 82, 
39, 176, 177,193,169, 230, 64) it appears 
that the basic number in the genus Pop- 
ulus is 19. 

On the basis of what he interpreted 
to be secondary association of chromo¬ 
somes at metaphasc I, Dillewijii (74, 
75) concluded that Populus and possi¬ 
bly Salix are secondary polyploids Avith 
an original basic number of eight. 
Pour of the original eight chromosomes, 
according to his liypothesis, have been 
triplicated, the other four duplicated, 
and the present number 19 was the re¬ 
sult of a fusion of two chromosomes 
Avithin one of the groups of three. 
Bmith (230) gives further support to 
this hypothesis with the observation 
that trivalent association of chromo¬ 
somes sometimes occurs in meiotic meta¬ 
phase of certain diploid hybrids and 
quadrivalent formations in the triploid 
form of P. alba. 

Of the approximately 45 species and 
forms of Popuhis which have been cy- 
tologically examined, the unreduced 
number of 38 chromosomes appears to 
be characteristic of most species, but 
naturally occurring triploid and ex¬ 


perimentally produced tetraploid and 
aneuploid forms have been reported. 

Blackburn and Harrison (40) re¬ 
ported P. halsamifera (=P. delioides ?) 
as a probable tetraploid with an unre¬ 
duced number of 76 chromosomes, but 
Meurman (173) and Smith (230) re¬ 
ported it as a normal diploid. As pre¬ 
viously pointed out (231), however, it 
may also conceivably occur in the tetra¬ 
ploid form in nature. 

Naturally occurring triploid or ap¬ 
proximately triploid forms of three spe- 
(des in the section Letice have been re¬ 
ported in recent years. Nilsson-Ehie 
(180), Blomqvist (42) and Melander 
(171) all reported finding strains of a 
‘^gigas^^ triploid (2)i = ea. 57) form of 
P. tremida L. in the forests of SAveden. 
Later Nilsson-Ehle (181, 182) and 
Johnsson (138, 139, 142, 143) reported 
synthesis of triploids, tetraploids and 
A^arious intermediate aneuploids from 
artificial triploid x diploid crosses. 

Peto (193) has reported occurrence 
of triploid forms of P. alba L. and P. 
canescen.^ (Ait.) Smith in Canada, and 
DilleAvijn (73, 74) reported a naturally 
occurring form of P. alba in the Nether¬ 
lands. 

Diploid and Triploid Species Analysis 

Most studies of diploid species (40, 
176, 138, 82, 193, 230) reveal that mei- 
osis is for the most part regular. Univ¬ 
alents at metai)hase 1 have, hoAAever, 
been observed in various species by sev¬ 
eral Avorkers. Smith (230) suggested 
that uni\^alents obseiwed in P. laurifolia 
and P. advnopoda Aver(‘ the result of 
precocious separation due to failure or 
early terminalization of chiasmata 
rather than lack of homology. 

Johnsson (138) study of meiosis in 
16 diploid }\ iremula clones from vari¬ 
ous provin(*es in Sweden shoAved 12 
AA^hich behaved quite normally, but four 
shoAATd varying numbers of uiiivalents 
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at metaphase I. Temperature changes 
in early spring during gametogenesis 
were suggested as a possible explana¬ 
tion. Pollen sterilities of these clones 
is shown in Table IV. 

Meiosis in natural triploid clones hav¬ 
ing an unreduced chromosome set of 57 
is in general characterized by consider¬ 
able abnormality (176, 193, 138, 230). 
Variable numbers of univalents, biva¬ 
lents and trivalents have been observed, 
and in one triploid 1\ alha clone stud- 


I’ollen sterility percentages for vari¬ 
ous diploid and triploid clones ob¬ 
served by several investigators are 
shown in Table IV. 

The diploid clones, representing typ¬ 
ically ‘ ‘ pure ^ ’ species of the genus, show 
a surprising range in pollen sterility. 
When these data are compared with 
chromosome pairing data for the same 
species (230), there is an obvious cor¬ 
relation between frequency of univalent 
chromosomes at metaphase 1 and pollen 


TABLE IV 

Pollen Sterility in Natural Diploids and Triploids of Popidus 



2/t 

Pollen 


Speciea 

chromosome 

sferilitif 

Authority 


No, 

% 


P. acuminata 

38 

45 

Smith (230) 

P. adenopoda 

38 

19 

t ( 

P. alba . 

38 

3 

i i 

P. dclfoides . . 

38 

o 

({ 

P. grandidentata ... 

38 

2 

(i 

P. koreana . 

38 

12 

(t 

PJaurifolia . . 

38 

40 

‘ ‘ 

P. nigra . 

38 

3 

(i 

P. nigra italica .... 

38 

4 

< ( 

P, Sargentii 

38 

7 

i ( 

P, tremuloides . 

38 

2 

1 ( 

P. tremida* 

38 

30 

.fohnsHon (138) 

P.tremula* . 

38 

()1 

(i 

P. tremida* .' 

38 

20 

i ( 

*P. tremida* . 

38 

33 

i { 

P. alba . 

iSl 

23 , 

Smith (230) 

P. alba var. aureointertexta 

57 

6 

Peto (193) 

P.tremula 

57 

56 

Miintzing (176) 


* Noticeably aberrant individuals from a j^roup of 16 studied. 


ied, quadrivalent associations were 
noted (230). 

Miintzing (176) and Smith (230) 
have concluded that on the basis of 
pairing relationships displayed at mei-* 
osis in the natural triploid forms of 
diploid species thus far reported, such 
triploids must be autotriploids resulting 
from the fusion of a diploid and hap¬ 
loid gamete. Precocious furrowing 
(230) or spindle fusion during the mei- 
otic divisions (176, 75) may be responsi¬ 
ble for the formation of microspores 
with an unreduced set of chromosomes. 


sterility. Thus in those species where 
univalents have not been observed, pol¬ 
len sterility is low% two to seven per¬ 
cent ; but in species showing univalents 
the pollen sterility is markedly higher. 
19 to 45 percent. Smith (230), how¬ 
ever, concluded that the univalent fre¬ 
quency was too low in these species to 
account fully for the sterility observed. 

l^ollen sterility of the several triploid 
clones which have been studied (Table 
IV) is remarkably low, in several cases 
being lowTr than some of the ‘‘pure” 
diploids. In the opinion of Peto (193) 
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the genetically unbalanced pollen grains 
undergo early deterioration and conse¬ 
quently are not included in pollen 
sterility counts. This explanation may 
be criticized on the basis of Johnsson’s 
(138, 139, 142, 143) and Bergstrom’s 
(35) results which demonstrated that 
triploid X diploid and triploid x triploid 
crosses of P. tremula yielded progeny 
with intermediate chromosome numbers, 
which would seem to imply that in this 
species, at least, some unbalanced pollen 
grains are capable of survival. 

Fi Hybrid Analysis 

Studies of meiosis in Fi hybrids of 
Populiis have been (‘onducted by Peto 
(193), Dillewijn (75) and Smith (230). 
The compreiiensive investigations of the 
last named, involving ten natural and 
21 artificiaP^ hybrids, revealed that the 
common meiotic abnormalities encoun¬ 
tered were asynapsis which resulted in 
subsequent lagging of chromosomes at 
anaphase I and II, inversion bridges 
caused by structural differences, and 
various abnormalities in cytokinesis fol¬ 
lowing the second division which gave 
rise to dyads, triads and microspores in 
excess of four. 

On the basis of Darlington’s (63) 
classification of hybrids, Smith con¬ 
cluded that the interspeiufic hybrids in 
PopnluH conform to the class called “un¬ 
defined structural hybrids”, ?.r., those 
resulting from the union of gametes 
with undefined structural differences 
between their chromosomes which are 
either too slight or too numerous to be 
detected. 

In the 31 hybrids investigated by 
Smith (230), as well as those studied 
by Peto (193) and Dillewijn (75), 
univalent chromosomes were present in 
varying numbers in all. Smith found a 
close correlation between the occurrence 
of univalent chromosomes and supernu- 

10 Produced by Stout and Schreiner (239). 


merary spores. A positive correlation 
(r = .88) was also observed between fre¬ 
quency of univalent formation and pol¬ 
len sterility. Thus, of the 31 hybrids 
studied, the highest pollen .sterility 
(80% was observed in X P, Woobstii 
(= laiirifolia x trisiis) and the lowest 
(5%) in the un-named hybrid derived 
from the double cross: X P. charkovi- 
emis X X P. plantierensis. In the for¬ 
mer ea.se an average of 14.24 univalents 
per cell w’ere observed, and in the latter 
ca.se univalents averaged 0.28 per cell. 

In practically all of the hybrids 
studied by Smith, varying numbers of 
inversion bridges were observed at ana¬ 
phase 1. This is the first report of 
.structural hybridity in the genus, al¬ 
though Dillewijn (75) had previously 
reported attenuated chromatin strings 
between anaphase I plates in X P. ro- 
husta. Smith concluded that pollen 
sterility in poplar hybrids is probably 
traceable to genetic, structural and en¬ 
vironmental fa(*tors, but which exerts 
the greater influence cannot, on the basis 
of pre.sent evidence, be stated. 

Some data of peculiar interest to for¬ 
est geneticists, reported by Smith (230), 
concern the influence of age on muta¬ 
tion rate and the possibility that trees 
or clones of old age may accumulate 
gene mutations or structural changes in 
their chromosomes. Theoreti(*ally such 
accumulations in old trees or clones 
.should be detectable by their greater 
pollen sterility. 

In .support of this hypothesis it is 
demonstrated that the 21 artificial hy¬ 
brid clones of comparatively recent ori¬ 
gin {circa 1925) that were studied had 
pollen sterility percentages ranging 
from five to 40, with an average of 19.7. 
This, incidentally, corresponds quite 
closely with the pollen sterility found in 
the “pure” species studied. The ten 
natural hybrid clones, however, of much 
older origin, showed a wider range in 
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sterility (six to 80 percent) and a no¬ 
ticeably higher average of 46.7 percent. 
Certain of these data are reproduced 
here without alteration (Table V) from 
the work of Smith (230). 

Speciation 

On the basis of his extensive cytolog- 
ical studies of species and hybrids in 
Populus, Smith concluded that species 
differentiation in this genus has resulted 
primarily from isolation of a geographic, 
edaphic and physiological nature. Pop¬ 
lar species are thus examples of ‘‘eco¬ 


permit an exchange of genes between the 
populations of the two species involved. 

3. Although structural and genetic 
differences, as indicated by inversion 
bridges and asynapsis, are present in Fi 
hybrid chromosomes, the functional fer¬ 
tility of these hybrids discounts genetic 
or structural chromosomal isolation. 

4. Although relatively fertile autotri- 
ploid forms of the section Leuce occur in 
nature, they are unable to preserve their 
identity by sexual means. Numerical 
chromosomal isolation is thus ruled out 
as a factor in speciation. (However, if 


TABLE V 

A Comparison or Certain Natural and Artificial Interspecific Hybrids of Populus in Re¬ 
gard TO Date of Origin, Univalent Chromosome Formation and Pollen Sterility (230) 


Name or No. 

Parentage 

Probable 
date of 
origin 

Univalents 
per cell 

Percentage 

of 

sterility 

Natural hybrids 

X P, herolinensis 

P. laurifolia x P. n. italica... 

1870 

5.30 

57 

X P. canadensis Evgenei 
Artificial hybrids 

P. deltoides x P. nigra . 

1850 

4.92 

63 

OP-67* 

P. nigra x P. laurifolia . 

1925 

1.00 

16 

OP-114* 

P. nigra x P. trichocarpa 

1925 

0.80 

23 


* Hybrids produced by Stout and Schreiner. 


speciesas defined by Turesson (261), 
i,e., uniform types between which cross¬ 
ing is possible with a relatively high 
degree of fertility, but which commonly 
are prevented by isolating barriers from 
doing so. 

The evidence in support of this hy¬ 
pothesis is based on the following 
points: 

1. Species of one section cross readily^ 
with others under artificial conditions 
where geographic, edaphic or physiolog¬ 
ical barriers have been removed. 

2. Fi hybrids of such crosses are rela¬ 
tively fertile; in any case, none is com¬ 
pletely sterile. Therefore, in the absence 
of geographic, edaphic or physiological 
barriers, backcross generations would 


Populus is indeed a secondary polyploid 
it must be conceded that polyploidy 
played an important part in the ances¬ 
tral differentiation of the genus.) 

Sex 

The dioecious nature of Populus has 
attracted the interest of investigators 
concerned with the study of sex mecha¬ 
nisms in plants. Blackburn and Harrison 
> (40) first reported an heteromorphic 
bivalent in male clones of P. tremula and 
P. nigra, Meurman (173) also observed 
an heteromorphic pair in males of sev¬ 
eral other species •and concluded that sex 
in Populus is determined by an XY 
mechanism similar to that prevailing in 
most animals. 
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Subsequent studies by various work¬ 
ers have confirmed these observations 
or criticized them. Muntzing (176) has 
pointed out that some intersexual forms 
should be found in the natural triploids 
if they originate from the union of hap¬ 
loid and diploid gametes. No such in¬ 
tersexes have been reported. Peto (193) 
found no consistent evidence of hetero- 
morphic pairs, and Smith (230) was of 
the same opinion. 

A point of considerable theoretical 
and practical interest to tree breeders 
interested in the genus Populus relates 
to the possibility that certain secondary 
sexual characters may distinguish the 
sexes. 

C. S. Larsen (158) has discussed the 
problem briefly with respect to certain 
dioecious ligneous genera, citing his 
own observations and those of various 
other European botanists. This inves¬ 
tigator, for instance, studied natural 
stands of Juniperm communis and 
found a positive correlation between sex 
and growth habit independent of site: 
the female trees being comparatively 
broad, the males being more slender 
(156). 

The same author (158) has cited the 
observations of Correns (61) who noted 
that male specimens of Ginkgo hiloha 
and Taxus baccata are on the average 
larger; and, with reference to the ginkgo, 
Grier (94) has also reported an ap¬ 
parent correlation between sex and 
growth habit. 

Houtzagers (120), with reference to 
the ash planted in Holland, says: 
. . . ‘'of this species {Fraxinus exceU 
sior L.)—which, however, is not purely 
unisexual and dioecious—the male speci¬ 
mens generally grow better and 
straighter than the female specimens 
do^\ 

Evidence of the occurrence of sec¬ 
ondary sex characters in poplars is con¬ 
fined for the most part to cultivated 


forms, little attention having yet been 
directed by silviculturists or geneticists 
to the analysis of natural stands. In the 
case of the widely planted ornamental 
variety of the black poplar, Lombardy 
poplar (P. nigra italica Muench.), it 
is the male form which is most favored 
by horticulturists. This preference is 
undoubtedly traceable to the markedly 
columnar habit of this sex, the females 
having a broader crown. 

Larsen (158) reported sexing of an 
ornamental planting of grey poplar (P. 
canescens (Ait.) Sm.) in Denmark and 
found only “male individuals with the 
exception of a single female tree, which 
differed much from the others in being 
considerably smaller and of another 
shape of crown’’. The same author 
(158) has pointed out that early culti¬ 
vation of P. trichocarpa in Sweden was 
attended with good results, whereas 
plantings of the same species in the 
State of Anhalt, Germany, were less sat¬ 
isfactory. It has been suggested that 
the explanation might be that in the 
former case it was a male clone which 
had been introduced, and in the latter 
case a female. 

Other less specific evidence may be 
cited which is suggestive of sexual di¬ 
morphism in the genus. It is of interest, 
for instance, to note that of the eight 
commonly planted poplar clones in Hol¬ 
land, as listed and described by Houtz¬ 
agers (116), only two (25%) are fe¬ 
males.’' A preference for males in this 
ease may, however, be traceable to the 
fact that the “cotton” is irritating to 
the nostrils of cattle, and Dutch farmers 
may thus discriminate against female 
trees. 

Clones of both sexes of the native P. nigra 
L. are apparently planted without preference 
as to sex, and consequently this species is not 
hero included. Of the eight forms considered, 
four are represented exclusively as male clones 
and two are chiefly male, though some female 
trees are found 
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Analysis of data on the sex of a num¬ 
ber of poplar clones selected in the fall 
of 1947 by the present author (188) in 
collaboration with Dr. Helge Johnsson 
of the Swedish Forest Tree Breeding 
Institute, Ekebo, Kallstorp, Sweden, re¬ 
veals that out of 76 clones (including 
iremuloides, grandidentata, tacamahaca, 
trichocarpa and deltoides) bearing 
flower buds, only 18 (23.7%) proved to 
be females. Since the trees were se¬ 
lected on the basis of their apparent 
health, vigor and good stem form as 
compared with their associates in vari¬ 
ous stands throughout the United States 
and Canada, it might be concluded ten¬ 
tatively that a positive correlation exists 
in this genus between maleness and 
these desirable economic characters. 

Such a conclusion is, however, con¬ 
founded by the empirical observations 
of Baker (26) with respect to the ap¬ 
parent sex ratio in aspen stands of the 
central Rocky Mountains. This worker 
noted that ^4he staminate trees are 
much more frequently found than the 
pistillate, which are very rare indeed^’, 
and Williamson (289) makes a similar 
observation with regard to the cotton¬ 
wood stands of the Mississippi valley. 
If such aberrant sex ratios are indeed 
characteristic of natural stands, it is 
apparent that samples of wild popula¬ 
tions such as noted above cannot in 
themselves be used as evidence of male 
superiority. But if a sex mechanism 
for Populus is postulated that would 
theoretically result in a 1:1 ratio of the 
sexes, we must conclude that the pra^ 
sumed aberrancy of such ratios in favor 
of males in nature must be traceable to 
some sex-associated survival factors 
such as vigor, disease resistance and 
hardiness. 

Although the evidence at present 
available is in no way conclusive, it is 
at least strongly suggestive that sexual 
diflPerences within the genus do exist, 


and that such important characters as 
growth habit, stem form, disease resist¬ 
ance and vigor appear to be associated 
with the male sex. It is needless to point 
out that such a correlation, if confirmed, 
would be an invaluable aid to the selec¬ 
tion efforts of tree breeders and silvicul¬ 
turists interested in the genus Populus. 

Summary 

Except for one tropical species in 
east Africa, Populus is native of the 
north temperate zones of Europe, Asia 
and North America. Of the approxi¬ 
mately 30 species now known, only four 
are native in Eiirope and western Asia, 
the remainder being about equally di¬ 
vided between North America and east¬ 
ern Asia. 

Classification and nomenclature in 
the genus are confused and inadequate 
to describe the wide range of variabil¬ 
ity which has accumulated chiefly 
through ecotypic isolation and natural 
and artificial hybridization. This situa¬ 
tion has led to interminable confusion 
in the literature. The only adequate 
solution appears to be an internation¬ 
ally (‘ooperative agreement on nomen¬ 
clature which will be based on a system 
of clonal names or numbers. 

Studies of wild variability as a means 
of selecting superior forms for direct 
use or as parents for progeny tests and 
further breeding has been given consid¬ 
erable attention in Europe. In North 
America and Asia, however, very little 
work has been directed to this basic 
problem. 

Much effort has been expended in the 
process of performing interspecific 
crosses, especially with species of the 
sections Leuce, Tacamahaca and Aegei- 
ros. These studies have revealed a wide 
range of compatibilities, and suggest 
promising combinations for more inten¬ 
sive work in the future. It may be an¬ 
ticipated that such future studies will 
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be more critically concerned with the 
genetic quality of the individual parents 
concerned than has been the practice 
heretofore. It appears likely that the 
valuable North American and Asiatic 
species of the section Leuce, early dis¬ 
criminated against and essentially ig¬ 
nored because of their reputation as 
poor rooters, will attract more interest 
from tree breeders. 

Very little intraspocifie hybridization 
has been carried on within the North 
American and Asiatic poplars, but on 
the basis of (lerman and Swedish re¬ 
sults in this field such investigations 
hold promise of yielding valuable re¬ 
sults. 

Rather extensive cytologieal studies 
have been conducted by a number of 
workers in Populus. Representatives of 
most species and many hybrids have 
been examined, but the sampling of 
wild populations outside of Europe has 
been very inadecjuate. The diploid 
number of chromosomes for most indi¬ 
viduals of the various species examined 
is 38, but natural triploid forms are of 
relatively common occurrence in the 
European species of the section Leuce, 
There seems to be little doubt that tri- 
ploidy is the natural limit of hetero- 
ploidy in the genus. 

Most poplar hybrids display a com¬ 
paratively high degree of fertility, and 
primarily on the basis of this fact it 
has been postulated that edaphic, geo¬ 
graphic and physiological isolating 
mechanisms have been chiefly concerned 
with the process of speciation in the 
genus. 

Some empirical observations are as¬ 
sembled by the author which suggest 
that a positive correlation may exist be¬ 
tween maleness and such economically 
desirable characters as vigor, disease re¬ 
sistance and good stem form in the 
poplars. 
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Correction 

ECONOMIC BOTANY, Vol. 2, page 107, para. 2, requires correction, since the 
work of Tschermak in 1918 on heterosis in tomatoes referred to there is antedated 
by that of R. Wellington reported in New York Agr. Exp. Sta. Bull. 346, 1912, 
and by that of H. K. Hayes and D. F. Jones in the Annual Report, Conn. Agr. 
Exp. Sta., 1916. Professor Tschermak, who, of the three rediseoverers of MendePs 
principles, alone survives, writes that he probably was one of the first to obtain ten¬ 
tative evidence of heterosis in tomatoes and that his successor. Professor Dr. Fr. 
Primmel, published evidence confirming it in Zeits. Pfianzenziichtung 10: 453-466. 
1924-25.—J. W. Lesley. 



Utilization Abstract 


Waxes and Fats from Sugar Cane. 

In 1940, 26 million pounds of vegetable 
waxes were imported into the United States, 
and from January through September of 
1947 such imports consisted of 8,444,000 
pounds of camauba, 8,371,000 pounds of 
candellila and 1,637,000 pounds of ouricouri, 
the three most important commercial waxes. 
[Camauba wax is scraped from the leaves of 
Copernicia cerifera, a palm tree native to 
Brazil and other parts of tropical South 
America; candelilla wax is removed by hot 
water or solvents from the stems of Pedi- 
Umthus Pavonis and Euphorbia antisyphU 
Utica, desert shrubs of Mexico and Texas; 
and ouricouri is similarly obtained from the 
leaves of Cocos coronata, a species of palm 
in northeastern Brazil. 

Annual world production of vegetable waxes 
amounts to about 35 million pounds, ap¬ 
proximately 80% of which is consumed in 
the United States in the manufacture of 
waxes for floors, shoes, furniture, automo¬ 
biles, boats and aircraft, and in other items, 
including carbon paper and printing inks, 
textile water repellents and fruit and vege¬ 
table coatings, moulding compositions and 
phonograph records, and a score of less im¬ 
portant products. 

The many industrial uses of waxes have 
led to a search for other sources, and at¬ 
tention is now being directed to the possi¬ 
bilities of commercial production of wax 
from sugar cane. 

^‘Interest in sugar cane wax dates from 


the early years of the twentieth century. 
The first wax-recovery plant, established in 
1916 in Natal, Union of South Africa, ob¬ 
tained the wax from sugar factory press cake 
by solvent extraction methods. Thousands 
of tons of wax were produced during its 
ten-year period of operation. The opera¬ 
tions ceased, apparently, when normal distri¬ 
bution and prices of the usual commercial 
waxes were re-established after World War 
I. But due to the scarcity of vegetable 
waxes during World War II and the post¬ 
war high costs, the interest in sugar cane 
wax has again revived. Not long ago the 
Cuban American Sugar Company and S. C. 
Johnson & Son, Inc., built a plant for the 
extraction of crude sugar cane wax from 
press cake at the Cuban American Sugar 
Company's plant in Cuba and have been 
producing sugar cane wax in commercial 
quantities for over a year.” 

This cuticle wax is obtained from the press 
cake of sugar cane, after extraction of sugar, 
and varies from 1% to 22% by dry weight 
of the cake. The crude wax is extractable 
by a number of solvents, including benzene, 
methyl and rectified spirits, acetone, certain 
esters, numerous aromatic hydrocarbons and 
petroleum solvents, and liquid sulphur di¬ 
oxide and petroleum naphtha. After filtra¬ 
tion or other means to obtain a clear extract, 
the crude wax is attained by evaporation of 
the solvent. (R. T. Balch, Chemurgic Digest 
7(7): IL 1948). 
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History, Taxonomy and Culture of the Pineapple 

Pineapples, native to tropical America, have been 
most extensively produced in Hawaii which ac¬ 
counted for 85% of the 12]/^ million cases of canned 
pineapple produced in 1947 by all countries of the 
world. 


J. L. COLLINS 


Pineapple Kesearch Jnstitnte of Hawaii 


Early History 

The pineapple is a native American 
plant first seen by people from the Old 
World when Columbus and some of his 
sailors landed on the island of Guade¬ 
loupe on November 4,1493.,,on his second 
voyage to the New World. This island, 
to which Columbus gave the name it still 
bears, is in the Lesser Antilles of the 
West Indies and is located about 16” 
north of the equator.. 

At the time that America was dis¬ 
covered the pineapple appears to have 
been well distributed throughout most 
of tropical America with the possible 
exception of the West Coast of South 
America. In many places evidences were 
found by the early explorers of its culti¬ 
vation by the Indians. These pineapples 
included several distinct varieties, all of 
which were seedless or nearly so, al¬ 
though wild pineax^ple species growing 
in some parts of the Ainerican tropics 
were extremely seedy. It thus api>ears 
that some selection and improvement of 
the pineapple had been accomplished by 
the Indians or their predecessors in order 
to produce and j)reserve these more use¬ 
ful varieties. 

De Oviedo, who came to the New 

1 Published with the approval of the director 
as Miscellaneous Paper No. 47 of the Pineapple 
Research Institute, University of Hawaii. 


World as a Spanish government ofiBcial 
in 1513, was, we believe, the first to fur¬ 
nish a written description of some of 
these different forms. In his history of 
the Indies he gives a brief description 
of three varieties together with the In¬ 
dian names for them. 

Besides using the fruit for food the 
Indians had also learned to make a wine 
from i)ineapples. This practice of wine¬ 
making was well distributed throughout 
the country, for it is mentioned by sev¬ 
eral writers, including Columbus, Oviedo 
and Sir Walter Raleigh. 

Apparently the Indians had also de¬ 
veloped a belief in certain medicinal 
([ualities of the pineapple because the 
early voyagers and settlers often wrote 
of the value of the pineapple in the 
treatment of certain human disorders. 
Such beliefs could hardly have been de¬ 
veloped independently by the Europeans 
in so short a time of acquaintance with 
the fruit. For instance, we have the fol¬ 
lowing statements in the early literature 
dealing with the medicinal qualities of 
the pineapple: 

“Some condemn it for biliousness. I 
am not certain about this. I do know 
that it rouses the appetite. There are 
many people who have lost the desire for 
food. It restores a healthy appetite and 
stimulates them to trv to eat. restoriner 
enjoyment 
335 
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This account of the effect of pineapples 
on rousing the appetite was written by 
Oviedo only about 25 years after the dis¬ 
covery of America and was probably 
learned from the Indians. More than 
usual interest is attached to this state¬ 
ment because 425 years later a scien¬ 
tifically conducted experiment at a State 
experiment station revealed that animals 
given a diet including pineapple ate and 
utilized more food than a similar group 
not having pineapple in their diet. This 
was interpreted to mean that their appe¬ 
tites had been stimulated by tlie pine¬ 
apple. 

In 1658 another early historian- made 
a similar statement when he reported 
that the fruit is admirable for recover¬ 
ing the spirits and was employed for 
correcting disorders of the stomach. 
Modern research has shown that the 
pineapple fruit contains the enzyme 
bromclin which does aid in the digestion 
of proteins. 

Again in Sloane’s ‘^Natural History 
of Jamaica’’ (London, 3707) we find Piso 
credited with the statement that . 
It is a great cordial to fainting spirits 
and helps a squeamish stomach. Its 
juice and wine is good for the suppres¬ 
sion of urine ... as also against poisons 
especially cassada”. We do not have 
modern information relative to these 
latter claims. 

The Portuguese appear to have played 
a major role in carrying the pineapple 
to other tropical countries. The island 
of St. Helena was discovered by them in 
1502, and very soon afterward they in¬ 
troduced pineapples to this island. 
They also carried it to the west and east 
coasts of Africa and to Madagascar at 
an early date. About 1550 they were 
responsible for its introduction into 
southern India. 

2 Rochefort, C. de, Histoire Naturclle et 
Morale dee lies Antilles de I'Ameriquc. 1658. 


Before the close of the 16th century 
it had also become established in China, 
Java and the Philippines. In 1591 a 
missionary in the Philippines reported 
that the natives there made a fine type 
of cloth from the fibers of pineapple 
leaves. 

We believe that some of this trans¬ 
portation to other areas was incidental 
to the use of the pineapple as an item 
of food for the crews on these long sea 
voyages in the sailing vessels of that 
period. Pineapples were available in 
many American places where these ves-, 
sels outfitted with food and water for 
continued exploration expeditions or re¬ 
turn voyages. Crowns from fruits used 
during a voyage or when at anchor in 
a new port were thrown overboard and 
washed ashore or intentionally carried 
ashore for planting. Because of the 
unique ability of pineapple crowns and 
slips to remain viable during long 
periods of drought they would be able 
to survive- and establish themselves 
under just such conditions as these 
postulated. 

There are very few records to show 
exactly when or how pineapples first 
arrived in these new lands. The origin 
of pineapples in Hawaii is a good ex¬ 
ample of the lack of exact knowledge 
of its introduction to other countries:' 
There exists a form on the island of 
Hawaii which has been growing there 
for as long as the oldest inhabitants can 
remember, but its origin and manner of 
arrival are unknown. The Hawaiian 
people gav^e it the name ‘‘halakahiki”, 
which means, in their language, the hala 
from a foreign land. The hala, Pan- 
danus odoratissimusy a native Hawaiian 
plant with which the indigenous people 
were well acquainted, has a fruit some¬ 
what resembling that of the pineapple. 

Taxonomy, Morphology and Ecology 

The species of the family Bromeli- 
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aceae, to which the pineapple belongs, 
are with one exception indigenous to 
tropical and sub-tropical America. This 
one exception is native to the West 
Coast of Africa. Spanish moss {Til- 
landsia usneoides)^ a common sight in 
some of our southern States, is an epi¬ 
phyte belonging to the pineapple family. 
The family includes both terrestrial and 
epiphytic types. 

The pineapple is in the terrestrial 
group, although it is reported to have 
mycorrhizae on the roots in the axils of 
the water-holding leaf bases. Mycor¬ 
rhizae are characteristic of some of the 
epiphytic types of the family. They are 
very fine filaments of fungi, closely asso¬ 
ciated with the roots and probably as¬ 
sisting in nutrition. Such fungi are well 
known in many groups of plants, and 
in orchids they are essential for proper 
development of seedlings. 

Botanists have not always agreed as 
to the botanical classification of the dif¬ 
ferent pineapple forms, and there is still 
some difference of opinion. The cla,ssifi- 
cation now generally accepted in this 
country is that of L. B. Smith (Har¬ 
vard Univ., Bot. Mus. Lft. 7(5). 1939), 

which recognizes four species in the 
genus Ananas and one in the closely 
related genus Psendananas, Both gen¬ 
era have collective fruits which serve to 


separate them from most other genera 
of the Bromeliaceae. They can readily 
be distinguished on the basis of five 
rather distinct characters which are 
listed in Table 1. 

Psendananas macrodontes (E. Morr.) 
Harms is a wild species found along 
the Parana and the Paraguay Rivers 
in northern Argentina, Paraguay and 
southwestern Brazil. It appears to be 
limited almost entirely to shaded areas 
in open woods or brush land which is sub¬ 
ject to periodic flooding or heavy rain¬ 
fall for part of the year. It is also able 
to withstand long periods of drought. 
Macrodontes is the only species in this 
genus, and it appears to have no dis¬ 
tinct varietal forms, such as are known 
for three of the species of Ananas. 
Some of the characters of macrodontes 
suggest that it may have originated 
from hybridization between two genera, 
Ananas and Bromelia, following by 
doubling of the chromosome number of 
the Fi hybrid. No genetic evidence for 
this hypothesis has been obtained other 
than the production of fertile hybrids 
between Ananas and Psendananas. At¬ 
tempts to produce hybrids between 
Psendananas and Bromelia, the other 
suggested parent form, have so far 
failed to i)roduce offspring. 

The genus Ananas includes three spe- 


TABLE 1 

Principal Differencks Between Ananas and 
Psendananas. 


Characters 


Genera 

Ananas Psendananas 


1. Crowns on fruit Present 

2 . Slips on 

peduncle . Present 

3. Stolons . Absent 

4. Petal apx)on- FunneMike 

dago . scale present 

5. Chromosome 

number . 50 


Absent 

Absent 
Present 
A bsent 


100 


cies of wild pineapples— hracteatus 
(Lindl.) Schultes, ananassoides (Bak.) 
Ti. b! ^Slth and erectifolius L. B. Smith 
—together with comosus (H.) Merr. 
which includes the cultivated varieties 
of pineapple. 

Tim major specific differences within 
the genus Ananas are listed in the fol¬ 
lowing brief description of the more con¬ 
spicuous characters together with a dis¬ 
cussion of the natural habitats. 

Ananas hracAeatus. This species is 
conspicuous for the brilliantly (colored 
pink-to-red bracts, 1 to inch^ long, 
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Fio. 1 {Upper). A pineapple plant with leaves attached to the stump, showing a nearly 
mature fruit, one slip on the right at the base of the fruit, one sucker on the left and a second 
sucker behind the fruit. 

Fio. 2 {Lower). Somatic mutations oc(fai$ionally arise in vegetatively propagated varieties. 
The Cayenne variety has produced about 45 known types. Here normal Cayenne in the middle 
is flanked by two mutations. The plant on the left has shorter but more numerous leaves; on 
the right, longer, fewer, less recurved leaves. The latter is also two weeks later in producing ripe 
fruit. 


subtending individual florets on the 
fruit, and the pink sterile bracts at the 
base of the fruit. The fruits lose this 
conspicuous color to a large extent at 
maturity, but the long bracts remain a 


characteristic feature. Numerous slips 
are produced on the peduncle at the base 
of the fruit and frequently ^ at the base 
of the crown on top of the fruit. Fruits 
and slips are borne on a tall peduncle 



CULTURE OP THE PINEAPPLE 


339 


which frequently bends over due to the the southern part of Paraguay has this 
weight of the fruit. Fruits are seedy, species been cultivated in recent times, 
flesh whitish and usually more porous as far as we know, and here only in a 
than in well cultured fruits of comostis. single small plantation. The fruits are 
This species occurs in three areas of not considered edible by ordinary 
South America and probably is present stanclards. 

also in some of the intervening terri- Ananas ananassoides has long, nar- 
tory. These areas are: first, the central row, recurving (f to inches wide, 
coastal region of Brazil in the State of 2 to 4 feet long), very spiny leaves, with 



Pig. 3 {Left), Average sized fruits of the Cayenne variety which supplies about 90 percent 
of the canned pineapple of the world. 

Fio. 4 (Right). Ananas erectifolius, a wild species of pineapple having spineless leaves and 
a small edible fruit on a long peduncle. This species was at one time cultivated in British 
Guiana for the fiber of its leaves. 


Pernambuco; second, the Rio de Janeiro 
and Sao Paulo regions; third, the Par¬ 
ana River valley from around Posadas 
in northern Argentina up the Parana 
almost to the northern limit of I^ara- 

This species has almost always been 
found in proximity to habitations or 
where habitations formerly existed. 
This suggests that it may liave been 
spread and maintained by man, and that 
its present distribution does not repre¬ 
sent its original native area. Only in 


a small fruit (3 to 5 inches long, to 
2 inches wide) borne on a tall slender 
peduncle which holds the small fruit 
well above the rosette of leaves. The 
fruit is very seedy, with a tough, fibrous 
texture. There are several varieties, 
only one of which has been named. The 
type form of the species does not pro¬ 
duce slips on the peduncle, but some of 
the varietal forms do, including the 
small dwarf form, nanus. This dwarf 
form grows wild in the central^" Matto 
Grosso region of Brazil near"^ 
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Fig. 5 {Loft). A fruiting pineapple plant with leaves removed to show stump and the 
attachment of slips, hapas and suckers. 

Fig. 6 {Right). Ananas ananassoides, wild pineapple, from Brazil, growing under enltivation. 

{Photo 1)1/ M. B. Linford) 


dauana and is also used as an orna¬ 
mental potted plant in some of the 
'coastal cities of Brazil. 

A. ananassoidcs is the most widely dis¬ 
tributed of the wild .pineapple species. 
Its area extends from the coastal region 
of Brazil around Sao Paulo northward 
to and into southern Matto Grosso and 
northern Paraguay. It probably also 
extends northward in central Brazil 
until stopped by the Amazonian jungle. 
This species represents the highest de-. 
velopment for drought resistance in the 
genus and is found in the poorer and 
dryer soil areas along with other serai- 
arid types of plants. 

Ananas erectifolius is a species set 
apart from the others most conspicu¬ 
ously by its erect type of leaf growth and 
the almost absence of spines along the 
leaf margins. The small fruit borne on 


a tall peduncle, distinctly thicker than 
in A. ananassoidcs^ is cylindrical in 
shape and to 3 inches high, with a 
diametiT of about two inches. Slips 
are produced at both the base and top of 
the fruit. The long slender leaves lack 
anthocyanin pigment. The fruit is only 
sparsely seedy. 

Not much is known about the extent 
of its natural habitat, but it is believed 
to be the valley of the main Amazon 
river. It, therefore, occurs in a low, 
humid, hot environment quite different 
from that typical of A. ananassoidcs. 
However, this species grows well when 
transplanted to less extreme tropical 
regions. The fruit is not considered to 
be edible; however, the species was at 
one time cultivated in the Amazon valley 
for the fiber of its long, slender, spineless 
leaves. 


CCLTdRR OF THE PINKAPPLK 


341 


Thus the four wild speeios, iiicludinj' 

macrodontes, represent a ran;?e of nat- 
iral habitats from the hot humid low- 
ands of the Amazon valley to the semi- 
irid hi^h plateau areas of central Brazil 
ind northern Paraj:,uiay. 

A7ianas comosiis Merr. This s])ecies 
ncludcs the cultivated varieties of the 
^enus and would, by some people, be 
listed as a cultigen, sin(*e all members of 
it are cultivated types, with no recoj^niz- 
ible wild ancestral form. As already 
[uentioned, varieties of this species were 
beinji: cultivated by the Indians when 
America was discovered and had been 
well distributed throuji^h tropical Amer¬ 
ica by the Indians in i)re-Columbian 
times. Forms of this species have been 
found *»:rowing: in a wild state, but they 
are believed to be escapes from places 
of former cultivation. 

The j)rimary characters separatinji: 
comosus from the three wild species of 
the f^enus may be listed as follows. 
First, the fruits are usually but not al¬ 
ways larjrer and they contain a relatively 
larjxe amount of palatable flesh. Second, 
the fruits are seedless or only rarely pro¬ 
duce a few seeds. Third, the floral 
bra(*ts ijx’c quite inconspicuous in the ma¬ 
ture fruit and do not cover the top of the 
ovary. Fourth, the peduncle is usually 
thicker than in the wild species. 

Chromosome Numbers 

The basic haploid chromosome number 
in Ananas appears to be 25 for all spe¬ 
cies. 

Triploids having 75 chromosomes have 
been reported for three coynosus varie¬ 
ties: one from Brazil, one from Ecuador 
and on(‘ from the West Indies. The last 
is the Cabezona variety grown to a lim¬ 
ited extent in Florida and Cuba. 

Numerous tetraploids with 100 chro¬ 
mosomes and triploids with 75 chromo¬ 
somes have been produced in (*onection 
with plant breeding work in Haw'aii. 


These polyploids show the characters of 
giantism and extended vegetative growth 
period usually found in induced poly¬ 
ploids. 

The varieties of A, coniosus are self¬ 
incompatible and hence are seedless 
when .self-pollinated. Ilowevcu*, cross¬ 
ing between varieties usually produces 
abundance of viable .seed. Likewi.se, 
cro.s.se.s between comosus and the wild 
.s])ecie.s produce viable seed and vigorous 
Pi plants. 

All possible crosses between .species 
have not been reported, but those w^hich 
iiave been marie (Table 2) have produced 
vigorous fertile Fi hybrids. The wdld 
self-fertile species appear to be approxi¬ 
mately homozygous genetically, but the 
varieties of A. comosus, on the other 
hand, are highly heterozygous. Genetic 
studies from species hybrids have showni 
that the sperdes have a number of ho¬ 
mologous genes. 

TABT.K 2 

Cross Comcatahtlity Between Species of 
Pineapple 


rs 

S])ecies used g | 

in crossing | c 

comosus* 1 

a n anasso i d cs + r 

ercclifoVms + - 

hracteafus f 4 

macrodonics 4- — 



4- 

4- 

•h 


4- 


+ 


* It should be noted that comosus varieties 
nre .self-incompatible, but most others are cross- 
eompatiblc. The other species are all self fer¬ 
tile. The interspecific crosses obtained would 
indicate complete interspecific compatibility. 
The 4- indicates compatibility of the indicated 
cross. 

Plant and Fruit 

Some of the early Spanish explorers 
described the pineapple as being some¬ 
what like an artichoke or a thistle. In 
its general appearance, however, it is 
much more like a lily plant, an ave or 




FiO. 7 {Tipper), Pineapple field in the State of Pernambuco, Brazil, showing method of 
plantin^^ without mulch paper and about eight feet between plant beds. Compare with the 28 
to 30 iniches between beds in Hawaii. 

Pig. 8 {Lower), Wild pineapple species,J .Ananas ananassoidea, in natural habitat in the 
Matto Grd^ of Brazil. 
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even some of the yuccas than it is like 
either of the two they mentioned. 

The plant is a biennial, producing a 
group of parallel veined leaves, 30 to 40 
inches long and 2 1/2 inches wide, taper¬ 
ing to a point at the free end. The edges 
of the leaves are spiny in some varieties, 
while .in others the spines are absent. 
The leaves are borne so close together 
that the leaf bases overlap each other 


change from a leaf-producing apical 
stem meristem to a flower-forming meri- 
stem. Differences in length of daylight 
in latitudes where pineapples grow have 
little if any influence in flower produc¬ 
tion. The inflores(!ence is borne at the 
top of the plant axis and terminates the 
length growth of the plant. The fruit 
is mature in six to seven months after 
differentiation. On the peduncle below 



Fig. 9. The types of asexual planting material used in propagation of pineapples. Left to 
right; crown, slip, hapa and sucker. 


where they clasp the cylindrical main 
axis. 

During the first year the plant stores 
up starch in the thick central axis for 
production of the inflorescence. Differ¬ 
entiation usually occurs in the early part 
of the winter, but the bud is not visible 
until about three months later. Experi¬ 
ments have shown that a drop of about 
10° P. mean night temperature during 
the winter months is probably the pri¬ 
mary environmental factor causing the 


the fruit are produced the small shoots 
known as “ slipsand from some of the 
leaf axils on the main stem are produced 
other shoots known as suckersor ‘‘ra¬ 
toons^’. These constitute the generally 
used parts for propagation. The core of 
the fruit is a continuation of the pe¬ 
duncle, and at the top of the fruit pro¬ 
duces the vegetative shoot known as the 
“crown’’. This is also sometimes used 
for propagation. j 

The pineapple fruit is collectively 



10 iVpver). 70,000 young hybrid pineapple plantH grown fron. seed obtained by eroaa 
(right)..^' 
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made up of a number of individual 
berry-like fruitlets, each attached to the 
central axis core, and fused throughout 
its length to adjacent fruitlets. The 
fruitlets are arranged spirally in an 8/21 
phyllotaxy in the larger-fruited varieties 
of A. comosus. The number of fruitlets 
varies with size of the fruit from around 
110 to 180 for the Cayenne variety. 
Smaller-fruited species like A. ananas- 
soides have a 5/13 phyllotaxy and a 
lower number of fruitlets. The shell of 
the collective fruit is made up of the 
three tliickened fleshy sepals and the 
fleshy bract partially covering the sepals 
of each fruitlet. These flattened fleshy 
sepals are weakly fused at their outer 
margins with the sepals of adjacent 
fruitlets, forming a continuous rind over 
the entire fruit. 

The individual flowers, in addition to 
the parts mentioned above, each have 
three purplish-blue petals, six stamens 
and a three lobed stigma. The ovary has 
three car])els, each containing from 10 
to 15 ovules. 

In the cultivated varieties*^ seedless- 
iiess is due to self incompatibility which 
is not present in the seed-producing 
wild species. Viable seed can be pro¬ 
duced ill these seedless varieties by arti- 
flcial cross pollination. In tropical coun¬ 
tries where hummingbirds are prevalent 
these cultivated varieties frequently pro¬ 
duce seeds, but very rarely do so in coun¬ 
tries where they are not present, and it 
is believed that hummingbirds constitute 
one of the principal means of natural 
cross pollination. The flowers open in 
the late morning (8: 00 to 9: 00 a.m. gen- 
; orally) and close before sunset. The 
; flowering progresses from the oldest flo¬ 
rets at the base of the inflorescence to 

3 The Cabezona variety grown in Florida and 
^ the West Indies is a triploid having 75 chromo¬ 
somes and does not produce functional germ 
cells. 


the later formed ones at the apex. This 
progressive flowering continues for about 
20 days, with only a few flowers opening 
each day. 

Commercial Varieties 

During its long period of cultivation 
A. coynosus has produced a large niunber 
of varieties, showing a wide range of va¬ 
riation in a number of characters. Only 
a few of these varieties have been widely 
and continuously cultivated. Three va¬ 
rieties, Cayenne, Red Spanish and 
Queen, are outstanding in this respect. 
The Cayenne variety has the largest 
acreage in cultivation and is used almost 
exclusively in Hawaii and to a consider¬ 
able extent in Australia, the Philippines' 
and South Africa, with smaller plantings 
in a number of other countries. The 
Red Spanish is the dominant variety in 
Florida, Mexico and the West Indies, 
while Queen is produced commercially 
in Australia, South Africa and the Malay 
Peninsula. The last mentioned is prob¬ 
ably the oldest named variety of pine¬ 
apple still in existence, having been 
noted ill 1658 by de Rochefort and by 
Evelyn in England in 1661. Whether 
the present Queen variety is the same as 
that of these early records, we, of course, 
do not know. 

The Cayenne variety is over 100 years 
old, probably originating early in 1800, 
although its name does not appear in the 
literature until 1841 when it is men¬ 
tioned as a hot-house variety in England. 
This variety has almost spineless leaves, 
and for that reason is generally called 
“Smooth Cayenne’'. Genetically it is 
heterozygous for the recessive spiny 
leaved character and frequently mutates 
to the homozygous recessive spiny leaved 
genotype, thus producing spiny plants 
which are identical with the smooth¬ 
leaved in other respects. This is an un¬ 
desirable character and is continuously 
rogued out of commercial fields. Be- 
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cause of this high rate of mutation (1 to 
5 percent) it is necessary to discarci 
spiny-leaved planting material each year 
to maintain relatively pure stands of the 
smooth-leaved form. 

Cayenne with an average fruit weight 
of about five pounds is the heaviest pro¬ 
ducing of the three varieties. The trip- 
loid, Cabezona, however, usually pro¬ 
duces larger fruits than does Cayenne. 
The fiesh of the ripe Cayenne fruit 
varies in color from pale yellow to yellow, 
is high in acid and sugars and is essen¬ 
tially a canning type. With the rapid 
increase in commercial canning of pine¬ 
apples in Mexico this variety is becoming 
the dominant one, surpassing Red Span¬ 
ish. 

Queen, on the other hand, is a dual 
purpose fruit, being used for both can¬ 
ning and a fresh fruit type. The plants 
have spiny leaves, are smaller in size 
than Cayenne, and produce small fruits 
from two to three pounds in weight. 
These fruits have a golden yellow color, 
are less juicy and give the general im¬ 
pression of being sweeter than the larger 
Cayenne. Because of this, they are fa¬ 
vored in some countries as fresh fruit. 

The Red Spanish variety is quite dis¬ 
tinct from the other two. Its fruits are 
intermediate in size, the flesh is white, 
quite acid and contains less sugar than 
the other two. The leaves are semi-spiny 
or spiny. Most of the fruit goes onto 
the market as fresh fruit, very little of 
it being canned, although some of it is 
used for the production of candied fruit. 

Pernambuco is a variety popular in 
northern Brazil where it is used almost 
entirely for the fresh fruit trade. It has 
a very tender, mild flavored, pale yellow 
flesh which is very pleasing. The fruits 
are small, and range from 2.5 to 4 
pounds. The leaves are spiny. 

The Monte Lirio variety is grown in 
Mexico and Central America. There are 
no spines on the leaves, and the fruit has 


a tender white flesh with very pleasant 
flavor and aroma. 

Table 3 gives a comparison of these 
two minor varieties with the three more 
widely used ones. 

TABLE 3 

Comparison of Five Major Varieties For 
Three Characters Important in 
Commercial Production 


Average an determined in Hawaii 


Variety 

Fruit 

weight 

Ihs. 

Sugar 
as degrees 
Brir 

Cayenne 

5.5 

15.5 

Red Spanisli 

4.0 

13.5 

Queen 

2.5 

17.0 

Pernambuco 

3.0 

12.0 

Monte Lirio 

3.5 

14.0 


Acid as 
% citric 


0.80 
0 08 
0.80 
0.35 
0.80 


Cultural Methods 

All or mostly all varieties of A^ianas 
comosus produce seedless fruits, and 
propagation of successive crops is 
through the use of three kinds of vegeta¬ 
tive parts, namely, the slips borne on the 
peduncle beneath the fruit, the crown 
borne on the top of the fruit and suckers 
grown from the leaf axils on the main 
stem of the plant. The suckers are re¬ 
moved from the plants after fruiting and 
allowed to dry from one to several weeks 
before planting. This period of drying 
prevents rotting of the new plant pieces 
after planting. The number of planting 
pieces varies with varieties and growth 
conditions of the plants, vigorous well 
cultured plants producing both more and 
better planting material than poorly cul¬ 
tured ones. In the Cayenne variety the 
average number per plant is four, while 
for Red Spanish, Pernambuco and Queen 
the number is somewhat higher. 

The following discussion of cultural 
methods refers primarily to those used 
in the large scale plantings in Hawaii, 
with mention of some practices in other 
countries. The cultural methods vary 
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Fig. 12 (Upper), A young experimental field showing missing and weakened plante caused 
by the soil-borne heart-rot fungus, Phytophthora cinnamomi. Also shows the paper mul^ used in 
several areas. ^ 

Fig. 13 (Lower), Pseudananas macrodontes, showing tall peduncle with crownless fruit and 
long flexible heavily spined leaves. Around the plant are four young plants arising from under¬ 
ground stolons. 
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\videly between countries due to local repeated disc plowing and harrowing 
environmental and economic conditions, until the soil is so pulverized and mixed 
The fields intended for planting are that it has a tilth ordinarily found only 
given a most thorough preparation by in soils prepared for gardens. This 



FlO. 14. A field of pineapples in Hawaii showing two line bed type of contour planting. 


(Courtesy of Hawaiian Pineapple Co.) 
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thorough preparation is necessary for 
the method of planting used. 

When an old pineapple field is to be 
prepared for a new planting, the first 
step is plowing under the old pineapple 
plants which represent from 50 to 100 
tons of green organic matter per acre. 
The repeated plowings serve to chop up 
and to thoroughly mix these old plants 
with the soil. With the high tempera¬ 
tures and the high air humidity, this 
mass of organic matter rapidly decom¬ 
poses in the soil. 

Strips of asphalt-impregnated mulch¬ 
ing paper, 32 to 36 inches wide, are laid 
on the prepared ground 20 to 24 inches 
apart and the edges covered with soil. 
At the time this paper is laid, a portion 
of the * fertilizer may or may not be 
placed in the ground together with the 
soil fumigant known to the trade as D-D 
mixture (1-3 dichloropropene and 1-2 
diehloropropane). There are no stand¬ 
ard and regular amounts of fertilizer or 
of soil fumigant placed under the paper, 
and practice varies according to soil 
demands and plantation policy. The 
amount of D-D used ordinarily extends 
from 150 to 400 pounds per acre with 
the latter being more common. Magistad 
has listed a fertilization schedule for one 
area as 410 pounds nitrogen, 207 pounds 
PjOr, and 520 pounds K 2 O per acre for 
a complete plant cycle of three years. 
This cannot be considered as a standard 
but only a sample schedule for a specific 
area. The amounts and kinds of ferti¬ 
lizers vary widely because of climatic 
and edaphic conditions. 

Although the D-D treatment serves as 
a partial control of the root knot-forming 
nematodes which infest pineapple soils 
in some regions, it has additional bene¬ 
ficial effects on plant growth, the exact 
nature of which is obscure. Whatever 
the effects may be on various soil organ¬ 
isms, the development of good vigorous 
root systems follows proper soil fumiga¬ 


tion in lands cropped for many years. 

The application of D-D appears to sup¬ 
press the activity of nitrifying organ¬ 
isms in the soil for eight to ten weeks 
during which time the plants are able to 
utilize ammonium nitrogen for growth 
from ammonium sulfate supplied to the 
plants. 

Three to five days after soil fumiga¬ 
tion, the plants are planted, usually in 
two lines on each strip of paper. This 
operation consists of thrusting the slips 
into the soil through holes punched in 
the paper with an iron planting tool. It 
is in this operation that good soil tilth 
is essential, for the soil should be fine 
enough to ‘‘flow’^ around the base of the 
slip to hold it in place and to bring soil 
and moisture in contact with the base of 
the plant to facilitate rapid root growth. 

The arrangement of plants in field 
plantings varies widely in different coun¬ 
tries, depending largely upon local con¬ 
ditions and customs. In Hawaii the 
plants are placed in two-line beds spaced 
just far enough apart to permit cultural 
and harvesting operations. However, in 
the region around Singapore, the rows 
of plants are placed six to eight feet 
apart with consequently fewer plants per 
acre. Here, however, the rows are 
widely separated in order that the labor¬ 
ers in cultivating and harvesting may 
have a better chance to avoid poisonous 
snakes which sometimes inhabit the 
fields. The statement was made by one 
farmer from Singapore that were the 
fields there planted as densely as in 
Hawaii, laborers would refuse to enter 
them. 

The pineapple plant in Hawaii reaches 
fruiting maturity in 15 to 22 months 
after planting, depending upon the kind 
of planting material used. Suckers fruit 
in about 15 months, slips require about 
18 to 20 months and ripe fruit from 
crowns is obtained in about 22 months 
after planting. ^ 
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This first crop, or plant crop, is fol¬ 
lowed by another on the same plants ap¬ 
proximately one year later. This is 
known as the “first ratoon crop’’, since 
it is produced on suckers borne by the 
original plant. Sometimes a second ra¬ 
toon crop is obtained when the plants 
remain healthy. Usually about one year 
elapses between the last ratoon crop and 
a replanting of the land. Thus fields 
are replanted every four or five years, 
and these periods of crop growths are 
known as “crop cycles”. The one year 
of land preparation is known as the “in¬ 
tercycle”. Crop rotation so highly rec¬ 
ommended for successful farming in the 
United States is not generally practiced 
in pineapple agriculture ii 3 L Hawaii. 
This is primarily because of a shortage 
of available good pineapple-growing 
lands, secondarily because of lack of a 
good one- or two-year economic crop 
which could be used in rotation with 
pineapples. 

The yields per Unit of land area are 
closely correlated with the number of 
plants. Thus in plantings like that 
shown in Fig. 11, the yield should be 
about 32 tons of fruit per acre in the 
first crop with 20 to 25 in the first ratoon 
crop. Where the plants remain healthy 
additional ratoon crops may be obtained, 
but the yield decreases with each suc¬ 
ceeding ratoon crop. 

A large part of the pineai)ples pro¬ 
duced in Hawaii is grown on land ter¬ 
raced and contoured to preserve both 
surface soil and, in areas of low rainfall, 
surface water. This program of soil c(^- 
servation was started about 1939 with 
the assistance of the United States Soil 
Conservation Service. 

Value of Paper Mulch 

The question is often raised about the 
functibn of the mulch paper in pineapple 
fields. There are at least four fairly dis¬ 
tinct benefits. First, and perhaps most 


important, is a reduction in weed growth 
in the area covered by the paper. The 
saving in weed eradication costs thus ef¬ 
fected has been considered sufficient to 
justify the use of paper. Secondly, the 
paper increases the soil temperature in 
summertime from 12° to 15° F during 
the day, and this produces a 4° to 5° F 
higher night temperature. During the 
winter months these increases range from 
5° to 8° F and 2° to 4° F day and night, 
respectively. Third, the mulch serves to 
slow down moisture evaporation from 
the soil surface, thus holding moisture 
near the soil surface in the region where 
most of the pineapple roots occur. 
Fourth, a consistently higher nitrate con¬ 
tent has been found in the mulched soils 
regardless of fertilisation. This indi¬ 
cates that the paper mulch, probably 
through the effects of higher tempera¬ 
ture and moisture, brings about an accel¬ 
eration of biological processes in the soil, 
in(*.reasing the available plant food, es¬ 
pecially nitrates. 

The mulch paper decays and disinte¬ 
grates in 10 to 15 months, by whi(di time 
the ])lants are large enough to shade the 
ground sufficiently to reduce weed 
growth and to maintain moisture near 
the surface of the soil. 

The Need of Iron 

The fact that pineapple plants in 
Hawaii must be sprayed at frequent in¬ 
tervals with a weak solution of iron, usu¬ 
ally in the form of iron sulfate, appears 
to be pretty well known. There are, 
however, some general misconceptions 
regarding this phenomenon. The most 
prevalent one is that the soil in the Ha¬ 
waiian Islands contains no iron and that 
this element,, therefore, must be sup¬ 
plied. This is far from true, for the red 
soils of Hawaii, comprising a major por¬ 
tion of the land area, contain about 20 
percent iron. Tt is this high iron content 
w'hich gives it its red color. In those 
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regions where the soil acidity is rela- plants with iron sulfate solution is not 
tively high (pH 4), iron in the soil is necessary for normal growth; but in 
readily available to the roots of pine- those areas, mostly at lower elevations 
apples. In these areas the feeding of (100 to 1,000 feet), where the soil acidity 



Fig. 15. Harvesting pineapples in Hawaii. Fifty-foot conveyor V.elt carries fruit toj^ large 
box on the truck. When the truck box is filled the conveyor unit is raised up off the “Jruck by 
mechanically operated legs, and the truck moves away with its load. Another truck r^iaces it. 

(Coitrifsy of UawaVinn Pinec^i le Co.) 
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is relatively low (pH 5.6-7.0), applica¬ 
tion of iron is necessary to maintain nor¬ 
mal vigorous plant growth. 

This inability to obtain iron from an 
iron-rich soil under certain conditions is 
a peculiarity of the pineapple not shared 
by other plants, including weeds of the 
pineapple fields, which grow normally 
under these same conditions. 

Some of the soils of Hawaii also con¬ 
tain a relatively high percentage (5%) 
of manganese. In such soils the high 
manganese interferes to some extent with 
the absorption and utilization of iron, 
and the pineapple plants become chlo¬ 
rotic due to the lack of sufficient iron to 
produce normal amounts of chlorophyll. 
This also can be corrected by the appli¬ 
cation of iron sprayed on the leaves of 
the plant. It should be emphasized that 
this iron applied as a spray is taken into 
the plant largely through the leaves and 
that none or very little of it is carried up 
from the soil through the roots. 

Under conditions of low soil acidity, 
iron from the soil solution is deposited 
and accumulated on the surface of but 
cannot enter the roots, according to 
studies by Sideris in Hawaii. 

Phyto-Hormones 

More than a quarter of a century ago 
the people of the Azores growing pine¬ 
apples in glass houses discovered how to 
control the time of flowering and fruit¬ 
ing by smudging the plants with smoke 
in a tightly closed house. Many years 
later Puerto Rican growers forced pine¬ 
apples into early fruiting by building 
smoky trash fires on the windward mar¬ 
gins of pineapple fields. These growers 
were thus able to obtain ripe fruit in ad¬ 
vance of the regular season and other 
growers and consequently to obtain 
higher prices for their crop. 

In. 1932 Rodrequez, a graduate stu¬ 
dent at Cornell University, reported 
tha^t pineapple plants confined in an at¬ 


mosphere containing ethylene gas pro¬ 
duced premature flowering and fruiting. 
In the same year Kerns in Hawaii dem¬ 
onstrated that two other unsaturated 
hybrocarbon gases, acetylene and butyl¬ 
ene, would produce the same result when 
the young plants were subjected to these 
gases in a closed container for 24 hours. 

In 1935 Kerns found that pineapple 
plants could also be forced into prema¬ 
ture flowering by pouring water satu¬ 
rated with acetylene into the hearts of 
the plants. This method was promptly 
adapted to plantation scale application 
and extensively used for the control of 
time of fruiting on pineapple plantations 
in Hawaii and later in Australia. 

The practical application of acetylene- 
and ethylene-saturated water for control¬ 
ling time of fruiting in the pineapple set 
the stage for intensive research on phyto¬ 
hormones for more precise, extensive and 
economical control of plant growth and 
development. As a result of these stud¬ 
ies the plant hormone, alpha-naphtha- 
lene-acetic acid, has largely replaced 
acetylene and ethylene and is now in 
widespread use to control time of fruit¬ 
ing on pineapple plantations. Other 
chemical substances give promise of still 
further control over other phases of 
plant growth and production. 

Control of Weeds 

Perhaps one of the most expensive and 
diflScult operations in pineapple culture 
has been the control of weeds. This was 
formerly done by a combination of trac¬ 
tor-drawn cultivators and hand hoeing. 

The inadequate labor supply during 
the war years forced the planters to 
search for other means of dealing with 
weeds. In this desperate situation many 
new processes were given trials, includ¬ 
ing the use of specially designed tractor- 
mounted flame throwers. As a conse¬ 
quence there is now a completely new 
procedure in the realm of weed control 
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in pineapple fields, with the rapid ac¬ 
ceptance and use of efficient chemical 
weed sprays. These include various 
combinations of oils, emulsifying com¬ 
pounds, chlorinated phenols, and water. 

Similar commercial herbicide sprays 
are also employed. These herbicides are 
applied broadcast over the newly planted 
fields before the pineapple plants have 
started active leaf growth. This takes 
care of the early crop of weeds. After 
the pineapples have new leaf growth and 
arc sensitive to the herbicide, the weed 
sprays are applied to the spaces between 
the pineapple beds by tractor-drawn 
spray machines which keep the herbicide 
close to the ground and away from the 
tender leaves of the growing pineapples. 

The well known chemical weed sprays, 
2-4-D and 2-4-5-T, while very efficient 
herbicides, arc so extremely toxic to pine- 
apple plants that they cannot be used 
in pineapple fields. Consequently other 
types of chemical spray mixtures have 
been adopted which are less harmful. 

Major Diseases 

As is true for most economic species, 
the pineapple is subject to a number of 
diseases and pests. Of first rank in im¬ 
portance because of its universal pres¬ 
ence and influence on yield of fruit and 
vigor of the plant is the disease now 
called ‘‘mealybug wilC\ Second in im¬ 
portance can be listed diseases caused by 
soil fungi which attack both root tip and 
stem tip growing points, causing root rot 
and heart rot, respectively. 

Among other diseases and pests of less 
importance only because of limited or 
sporadic occurrence, several may be men¬ 
tioned. Yellow spot is a virus disease 
which spreads through the plant and 
fruit from points of inoculation on the 
leaves or fruit, and causes complete de¬ 
struction of affected plants. The virus is 
transmitted from wild host plants by the 
common onion thrips, Thrips tahaci, 


which feed occasionally on pineapple 
plants. This virus also causes the 
spotted wilt disease of tomatoes. At the 
present time there are no economic 
means of protection against this disease, 
and the losses are sometimes consider¬ 
able, although sporadic in time and 
place. 

The roots of the pineapple plant are 
susceptible to attack by several species 
of nematodes, among them the widely 
distributed root knot nematodes, Hete- 
rodera marioni, Rotylenchulus renifor- 
mis and Tylenchus hrachyurus. The 
practice of soil fumigation with D-D or 
other chemicals has effected a measure of 
control for these pests so they do not 
have the economic importance they had 
before the general use of soil fumigants 
preceding planting of the crop. 

Theda sp., an insect of the butterfly 
family, is a serious pineapple fruit pest 
in some parts of South America. The 
adult female lays eggs on the flowering 
or growing fruit. The larvae eat their 
way into and spend their growth period 
burrowing through the fruit, causing 
malformed dwarfish fruits often with a 
gummy exudate on the surface. At one 
time there was a thriving pineapple in¬ 
dustry and cannery on the island of 
Trinidad which was later abandoned be¬ 
cause of the increasing percentage of 
fruit loss caused by this pest. The 
writer has observed small fields of the 
J^ernambuco variety grown in Brazil 
wdiere more than 50 percent of the fruits 
were infested with the larvae of Theda, 

At least two other fruit and plant 
borers are known in Central and South 
America, but they have caused relatively 
little damage to crops in the prCvSent 
widely dispersed manner of growing 
pineapples. 

Several species of soil-inhabiting 
fungi, including Phytophthora cinna- 
momi, P. palmivera, P. parasitica and 
Pythmm spp., cause severe reduction in 
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crop yields under particular climatic con¬ 
ditions. P. cinnamomi causes rotting of 
both roots and stem tips during the 
cooler and wetter months. P. parasitica 
may occur also in somewhat warmer and 
dryer conditions, and attacks only the 
stem tip and leaf meristem areas, caus¬ 
ing the disease called “heart rot’’. This 
rot, widespread over pineapple-growing 
regions, has been reported in Puerto 
Kico, Costa Rica, Jamaica, Cuba, Haiti, 
Philippines and Australia as well as in 
Hawaii. 

Pythium, which attacks growing roots, 
is also widespread in the pineapple-grow¬ 
ing areas, and causes a reduction in 
plant growth and vigor which is often 
diflBcult to recognize and evaluate be¬ 
cause of variability in the degree of its 
elfects. Although soil fumigation, which 
has become a regular cultural practice in 
Hawaii, has some adverse effect on the 
growth of these fungi, it does not consti¬ 
tute a control at the rate of application 
commonly used, and no adequate and 
economically feasible control has been 
found. 

Mealybug wilt is a serious disease of 
the pineapple caused by the feeding of 
the pineapple mealybug. Pseudococcus 
brevipes. This disease is widespread in 
the pineapple-growing regions of the 
world, having been reported in 15 tropi¬ 
cal countries. The time and place of its 
first appearance in pineapples is not 
known; however, the disease was recog¬ 
nized long before the connection with 
mealybugs was shown by lllingsworth 
in 1930 and again clearly demonstratocl 
by Carter in Hawaii in 1931. 

Diseased plants first show a loss of 
green color and a loss of rigidity of the 
leaves. This is followed by a progressive 
loss of green color, changing to reddish 
yellow, and loss of turgidity leading to 
complete collapse of the leaves. Along 
with these symptoms shown by the 
leaves, the roots are completely de¬ 


stroyed. Many plants recover slowly 
from this disease by first producing a 
few new roots and then new leaf growth 
from the center of the plant, but even 
these seldom produce fruit of commer¬ 
cial quality. 

Before mealybugs were known to be 
responsible for causing wilt, the disease 
had spread through the plantations in 
Hawaii until the industry was threat¬ 
ened with destruction. The causal agent 
remained obscure for a long time after 
the disease had assumed serious propor¬ 
tions because the bugs move off the dis¬ 
eased plants before disease symptoms on 
the aerial parts become apparent. Thus 
visibly diseased plants seldom have 
mealybugs on them. 

After the discovery of the role of 
mealybugs in the causation of wilt, at¬ 
tention of scientists at the Pineapple Ex¬ 
periment Station and the plantation men 
was focused on development of methods 
of control. Oil emulsion sprays were de¬ 
veloped which, when applied under high 
pressure to the mealybug-infested plant, 
would produce a high measure of, al¬ 
though not complete, control. Large 
spray tanks and high pressure pumps 
mounted on heavy trucks force the emul¬ 
sion through a 50-foot boom attached to 
the truck and equipped with spray noz¬ 
zles at short intervals. These spray 
trucks travel the roads which are spaced 
100 feet apart, thus spiraying a 50-foot 
strip of plants from each road. Similar 
oil spray methods have been employed 
in other countries for the control of wilt. 

Studies were also started toward devel¬ 
oping hybrid pineapple varieties having 
natural resistance to the mealybug wilt. 
These studies demonstrated that some of 
the minor commercial varieties are sus¬ 
ceptible to a less degree than the Cay¬ 
enne variety used in the Hawaiian in¬ 
dustry. Several new hybrid varieties 
developed by breeding these resistant va¬ 
rieties with the susceptible Cayenne 
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proved to be highly resistant to the dis¬ 
ease. The use of such genetically resist¬ 
ant varieties will bring about a reduction 
in the cost of production by elimination 
of some of the expense of oil spray 
method of wilt control. 

There are a number of other minor 
fruit and plant diseases and pests, but 
none for which control methods have to 
be maintained. 

Mechanization 

Progress in the development and ex¬ 
tension of American industry is domi¬ 
nated by the development of machines 
to replace man or animal in many of the 
slow routine and difficult operations. 
The pineapple industry is typically 
American in the gradual and increasing 
me(;hanizations of many of the agricul¬ 
tural and canning operations. 

Because of the relatively small land 
area devoted to the growing of pineap¬ 
ples in comparison with the major agri¬ 
cultural crops of the. United States, the 
large farm machinery manufacturers 
were not particularly interested in pro¬ 
ducing specialized machines required by 
the pineapple i)lantations. The mech¬ 
anization of plantation operations was, 
therefore, carried out through the in¬ 
genuity and resourcefulness of planta¬ 
tion engineers and mechanics. Special 
machines have been developed by which 
the greater part of the following opera¬ 
tions are now performed: land prepara¬ 
tion, soil fumigation, fertilization, mulch 
paper-laying, weed control, hormone and 
iron application, disease and pest control, 
harvesting and fruit handling, collection 
and distribution of planting material. 

The picking of ripe fruit is still a hand 
operation, but the picker now drops the 
picked fruit on a traveling belt in front 
of him which carries it to the loading 
truck (Fig. 15). 

The planting of pineapple slips is still 
largely done by hand labor due to special 


conditions connected with pineapple 
planting. Most important among these 
are the necessity of planting the slips 
through a hole in the mulch paper made 
at the time of planting, and the varia¬ 
bility in size of the slips, crowns and 
suckers used as planting material. 

After the man in the field picks a ripe 
fruit and places it on the moving belt in 
front of him it is not again touched by 
human hands until the shell and core 
have been removed in the cannery. Here 
women wearing rubber gloves grade the 
fruit and place the slices in the can. 
From this point it is again handled me¬ 
chanically. 

There are still four manual operations 
where human judgment and skill are re¬ 
quired. These hand operations are pick¬ 
ing fully ripened fruit, grading the 
sliced fruit in the cannery according to 
quality standards, picking planting ma¬ 
terial from mature plants and inserting 
the planting material into the soil for the 
start of a new field. The mechanization 
of many operations in both field and fac¬ 
tory has helped to maintain economic 
pineapple production in an industry 
where salaries and wages constitute a 
high percentage of over-all costs. 

Pineapple Products 

Parts of the pineapple appear on the 
market in a variety of forms and guises. 
At the top of the list the volume and 
value of these for the canned product are 
the sliced fruit in several grades, crushed 
pineapple, small pieces called “tid bits^^ 
and larger pieces called ' ‘ chunks ’ Nat¬ 
ural pineapple juice became an impor¬ 
tant pineapple product in Hawaii 
around 1932 and steadily increased in 
volume and economic importance. Now 
juice is being canned in several addi¬ 
tional pineapple-producing areas as is 
shown in Table 4. 

Frozen fresh pineapple is just^ emerg¬ 
ing from the experimental stags and is 
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TABLE 4 

Annual Production op Canned Pineapple in Nine Countries, Except in Those Countries 
Starred, for the 12 Year Period Between 1935 and 1947. The Effects op the 
War on Production Are Shown for Three Countries. Figures Denote 
Thousands op Cases. (Sources op Data and Types op Cases Are 
Given At Bottom op Table.) 


Year 

Hawaii 

Philippines* 

Australia 

South 

Africa* 

Formosa 

Puerto 

Bico* 

British 

Malaya* 

x* 

O 

A 

S 

O 

♦ 

o 

.s 

§ 

Total known 
world pack 

1935-36''* 

10,380 

149 

195 

67 

1,189 

41 

2,359 

a 

a 

14,380 

1936-37 

10,923 

181 

257 

73 

1,118 

66 

2,399 

27 

a 

15,044 

1937-38 

12,203 

590 

190 

62 

1,200 

122 

3,105 ■ 

167 

a 

17,639 

1938-39 

10,521 

476 

359 

a 

1,300 

93 

2,314 

150 

a 

15,046 

1939-40 

10,999 

992 

249 

a 

1,350 

93 

2,875 

300 

a 

16,858 

1940-41 

10,056 

1,073 

300 

a 

1,500 

85 

3,000' 

300 

a 

16,258 

1942« 

10,515 

495 

225 

80 

a 

111 

0 

530 

15 

11,971 

1943=> 

11,230 

0 

373 

81 

a 

222 

0 

735 

56 

12,697 

1944“ 

11,126 

0 

111 

85 

a 

255 

0 

425 

95 

12,097 

1945“ 

10,164 

0 

55 

79 

8 

385 

0 

390 

110 

11,183 

1946‘ 

9,051 

0 

164 

42 

a 

404 

12 

960 

214 

10,847 

1947' 

10,237 

0 

78 

120 

a 

400 

50' 

KtOO 

500 

12,385 


Hawaii: Data in actual cases from Pineapple Producers Cooperative Association, report of 
members total pack (juice excluded). 

Philippines: Shipments to the IJ. S. converted from pounds to cases of 45 lbs. each. 
Australia: From Annual Reports of Australian Canned Foods Board in 24/30 oz. cans. 

South Africa: Figures from United Kingdom imports converted to 45 lbs. per case. 

Formosa: 24/2 and 3 lb. tins per case, figures from trade sources and Japanese Tinned 
Foods Association. 

Puerto Rico: Shipments to the U. S. converted from pounds to cases of 36 lbs. each. 

British Malaya: Exports converted in the basis of 48/1-1/2 pound tins per case plus esti' 
mate by Imperial Economic Committee for 1937. 

Cuba: Actual cases from U. S. Bureau of Foreign and Domestic Commerce. 

Mexico: Shipments to U. S. converted to 36 lbs. per ease. 

^ Preliminary estimate. 

*Data from Western Canner and Packer Yearbook 1946. 

3 << << << << 1947 , 

4 << << w 194^, 

“Data for 1935 to 1941 from Western Canner and Packer Yearbook 1941. 

« Data not available. 

* Data represent the production exported to the U. S. or United Kingdom. 


making its regular but limited appear¬ 
ance on markets of the United States. 
A small quantity was also recently pro¬ 
duced in Texas from Mexican grown 
fruit. The quality and uniformity df^ 
this product depend very much upon the 
use of carefully selected field-ripened 
fruits, such as can be obtained only 
where plantation and freezing plant are 
closely adjacent so that the time lag be¬ 
tween harvesting in the field and freez¬ 
ing is only about 24 hours. 

In addition to these major fruit prod¬ 
ucts there are a number of by-products 


of the pineapple fruit important econom¬ 
ically but relatively unknown outside 
the pineapple-growing areas. 

Pineapple bran, for instance, is made 
from the outside shells of the fruits. 
After extracting most of the juice the 
shells are chopped into fine pieces and 
passed through steam heated evaporators 
which remove jnuch of the remaining 
moisture and also serve as sterilizers to 
prevent molding. The chopped shells 
are then placed in bags and sold as dairy 
and other farm stock feed. The largest 
quantity, however, is used in dairies. 
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This bran is hifrh in carbohydrates, hav- the same amount as it is in whole wheat, 
ill" about 5V/t, starch and sugars, along according to nutrition studies carried on 
with about 3.5% protein, 10% water and at the University of Hawaii. 

18% fiber. It also contains about five Originally some of this bran was. 

times as much vitamin A as the cereal shipped to California, but now all of it 

grains, and vitamin B is present to about is used in Hawaii. Some of the can- 



Fig. 16. Placingf sliced pineapple in cans, one of the few hand operations reinai^’»ii<I in a 
highly mccliaiiized industry. (Courtesy of Hawaiian FineSjpple Co.) 
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neries sell the pineapple pulp from 
which most of the juice has been ex¬ 
pressed, but without drying, directly to 
dairies and cattle ranches where it is 
either used at once or stored and used 
as silage later. One large dairy only 
about ten miles from Honolulu mixes 
fresh pineapple pulp in alternate layers 
with a large coarse sorghum-like grass 
(Pennisetum purpuretim) in a horizon¬ 
tal silo dug into the ground. 

Sugar syrup is also recovered from 
pineapple juice either by concentration 
or by the process of ion exchange, and 
is used in the canning of pineapple fruit 
products. Other by-products recovered 
from the juice are commercial grade 
(95^) alcohol and citric acid. For¬ 
merly carbon dioxide gas was Mso pro¬ 
duced. 

A small quantity of pineapple is also 
used in Hawaii and in several other 
countries for the production of candied 
fruit, jams, etc. 

A very fine quality of cloth similar to 
the best grade of linen is made from 
pineapple leaf fibers in the Philippines. 
This is not a new product, for a mission¬ 
ary in the Philippines reported in 1591 
that pina cloth was produced by the 
natives from the leaves of the pineapple 
plant. 

Bromelin, a protein-digesting enzyme, 
has been produced in small quantities 
from pineapple juice, but because of the 
high cost of extraction it cannot be pro¬ 
duced economically with the present 
high cost of pineapple production. 

Although the American Indians were.^ 
reported to have used pineapples for’ 
making wine long before Europeans 
came to the New World, very little of 
the fruit is now used for this purpose. 
Small quantities of brandy and liqueurs 
are, however, produced in the Azores, 
Cuba and Brazil. Some of the United 
States troops stationed in Hawaii during 
the recent war, often adjacent to or in 
pineapple fields, learned through their 


own ingenuity some of the methods 
probably used by the Indians of ancient 
America for producing alcoholic bever¬ 
ages from ripe pineapples. 

World Production of Canned 
Pineapple 

We have shown that pineapples be¬ 
came established rapidly in tropical 
countries around the world after their 
discovery in America. Their cultiva¬ 
tion, however, remained on a small scale, 
supplying only local markets, until the 
beginning of the present century when 
the canning of pineapples was initiated 
in Hawaii. This canning industry grew 
steadily until by 1936 it was producing 
the major portion of the world supply. 
A smaller amount was produced in a 
number of tropical countries but pri¬ 
marily in the eight additional countries 
listed in Table 4. This table is intended 
to show the major countries where a con¬ 
siderable portion of the annual crop is 
canned. However, in listing pineapple¬ 
growing areas we cannot omit Brazil, 
the original home of the pineapple. 
Relatively little canning has so far been 
done in that country, but a considerable 
acreage is devoted there to growing pine¬ 
apples, either as a sole crop or inter- 
planted with other crops. Usually the 
fields are small, but in some parts of the 
State of Sao Paulo large fields are 
planted. A majority of the Brazilian 
pineapples is exported to Argentina and 
Uruguay as fresh fruit, and the rest 
used locally in Brazil. 

Because of the diversity of planting 
methods, sole crop or companion crop, 
and the number of plants per unit area, 
no attempt is here made to compare land 
areas employed in growing pineapples. 
Table 4, therefore, uses the amount of 
canned fruit produced as a means of 
indicating the relative production in dif¬ 
ferent countries. 

The United States has always absorbed 
most of the pineapple canned in Hawaii, 
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and there has been very little diverted to 
foreign markets. Before the war a small 
amount of canned pineapple from for¬ 
eign countries, primarily the Philip¬ 
pines, Formosa and the West Indies, was 
also marketed in the United States. 
Australia, British Malaya and South 
Africa exported canned pineapple to 
countries in the British Commonwealth. 

Mexico, like Brazil, has produced pine¬ 
apples for a long time, most of which 
were used lo(^ally, shipped as fresh fruit 
or preserved in brine in barrels. Within 
the last few years more attention has 
been given to canning of the fruit. This 
change is largely due to the difficulties 
in transporting the fresh fruit to the 
larger city markets rapidly enough to 
prevent great losses due to spoilage. 

The war abruptly stopped pineapple 
production in the Philippines and Brit¬ 
ish Malaya and prevented export of pine¬ 
apple from Formosa, except to Japan. 
During the war years the plantations in 
Malaya and the Philippines reverted to 
jungle, and the canning factories were 
stripped of their machinery by the Japa¬ 
nese. In some places the buildings were 
removed for use elsewhere by the in¬ 
vaders. 


The production data in Table 4 in¬ 
clude pre-war years in order to show the 
normal contribution of these war dam¬ 
aged countries to the total world pro¬ 
duction of canned pineapple during that 
period. 

The pineapple industry in these coun¬ 
tries, particularly the Philippines and 
British Malaya, is now being re-built 
and can be expected again to make a 
normal contribution to the world supply. 
Increased production is also reported for 
some of the tropical countries. 

The United States government pur-^ 
chased more than 60 percent of the 
Hawaiian pineapple pack during the 
war years, 1942-1945. This diversion 
of a large part of the Hawaiian pro¬ 
duction from the normal civilian mar¬ 
kets created a scarcity throughout the 
United States which has not been com¬ 
pletely relieved up to the present time, 
but the degree of shortage is being grad¬ 
ually reduced. This lag in supplying 
the market demands was, in part at least, 
due to the complete exhaustion of the 
stock in dealers’ warehouses and shelves 
throughout the country during that five- 
year period of short supply. 


Utilization 

Flax. In 1937 seed flax fibre for the 
paper industry was produced for the first 
time in the United States, 927,000 acres be¬ 
ing harvested that year with a yield of a 
little more than seven million bushels of 
seed. In 1948 about 43 million acres were 
harvested, producing 52^ million bushels of 
seed. During the intervening period over 
two million tons of seed flax straw were 
bought for the paper industry from fanners 
for about $5 million, about 10% of it being 
California straw, about 90% from the gen¬ 
eral Minnesota area. 

“The cigarette and fine paper industry has 
used during this period about 445,939 tons 
of seed flax fibre and accumulated, as of the 
date, an inventory of about 52,000 tons. 
Fibre consumption appears to have leveled 
off at about 60,000 tons per year. In addi- 


Abstract 

tion to fibre inventory, a large inventory of 
undecorticated flax straw is carried on hand 
as a safety factor in case of poor crops”. 

“The paper industry uses the fibre sepa¬ 
rated from the straw, which is, roughly, 27% 
of the weight of the straw processed. . . . 
The approximately 73% of residue (shives) 
is partially utilized at present as fuel, wall 
board stock, feed and bedding”. 

This utilization of flax straw, formerly a 
great farm waste, and the research in agron¬ 
omy, chemistry and plant breeding neces¬ 
sary for its development, have been the work 
of the Ecusta Paper Corporation which be¬ 
gan making cigarette paper from *flax at 
Pisgah Forest, N. C., in 1941. Flax fibre 
was first successfully processed into ^igarette 
paper in 1937. (L. F. Dixon, Cte. iurgic 

Digest 8 (8): 9, 1949). 



Mycological Production of Citric Acid— 

the Submerged Culture Method 

Industrial production of citric acid through the fer¬ 
mentation processes of fungi is being carried on by 
three companiesJn the United States. Application 
of recently developed submerged culture methods 
have produced yields as great as those obtained by 
the longer established surface culture technique. 

D. PERLMAN^ 


Introduction 

Within the past ten years the sub- 
inerfifed culture method of growing fungi 
has been successfully applied to many 
fermentations where formerly only the 
surface culture method was used. A 
general discussion of this development 
has recently appeared in this journal 
(19), wherein it is stated that in the 
United States at the time of writing that 
article, only one company was believed 
to be engaged in the manufacture of 
citric acid by fermentation, production 
amounting to approximately 35,000,000 
pounds in 1948 by this process. The sub¬ 
merged culture method, first described in 
detail by Kluyver and Perquin (34, 49), 
consists of growing the mold in a vessel 
which is agitated and aerated so that 
the mycelium forms throughout the cul¬ 
ture liquid, resembling a suspension of 
paper pulp. It has been applied to 
many mold fermentations, including 
those producing citric acid, fumaric 
acid, penicillin, gluconic acid, lactic acid, 
oxalic acid, ethanol, kojic acid and 
itaconic acid. Many of the problems 
associated with growing these fungi in 
surface culture have been noted when 
the organisms were grown in submerged 

1 Present address: 35 Edgeliill St., Princeton, 
N. J. 


culture, including such matters as cul¬ 
tural variation, nutrition and effect of 
aeration on metabolism of the organism. 
However, the relative importance of 
these i)roblems is often changed when 
the organism is grown in submerged 
culture as (u)mpared with the problems 
encountered when surface culture is 
used, and study and reinvestigation of 
these problems are often necessary when 
this change is made. 

While the surface culture method for 
growing mold cultures has been used for 
more than half a century, it is rather 
uneconomical and inefficient when com¬ 
pared with the submerged culture 
method. Large scale operation of the 
surface culture method entails consider¬ 
able labor per unit of medium handled, 
since the pans or large bottles usually 
used have to be inoculated, harvested, in¬ 
spected and cleaned by manual labor. 
In the submerged culture method large 
tanks are used, often with capacities of 
over 15,000 gallons, and the labor per 
unit of medium is considerably less than 
in the surface culture method. Also, 
the amount of space required for the 
processing of a given amount of medium 
is considerably less in the submerged 
culture method. Such matters as tem¬ 
perature control, sterility control and 


SfiO . 
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preparation of media are also attended 
to more eflBciently in the submerged 
culture method. 

For practical purposes the submerged 
culture method offers economic advan¬ 
tages over the surface culture method. 
However, since many of the mold fer¬ 
mentations have been first studied in 
surface culture, usually bc(tause in the 
laboratory surface culture methods arc 
more easily used and less expensive with 
regard to equipment, adaptation of the 
techniques learned in investigations of 
these fermentations to submerged cul¬ 
ture is usually somewhat involved. The 
mycological production of citric acid is 
one of the mold fermentations which has 
been studied in surface culture for many 
years, and only rather recently has it 
been studied in submerged culture. This 
fermentation product is of considerable 
economic importance, and at present the 
mycological product has succeeded the 
citrus fruit by-product on most markets 
(53, 68 , 74). Production has been es¬ 
timated at 35,000,000 pounds in 1948, an 
increase in ten years of nearly 20 , 000,000 
pounds. While large scale production 
of citric acid by the mycological process 
in surface culture on a commercial basis 
(lid not start until 1923 (50, 74), con¬ 
siderable advances have been made in 
the intervening period, and the produc¬ 
tion has increased while the cost of the 
product has decreased. At first a me¬ 
dium containing purified sucrose as car¬ 
bohydrate source was evidently used, 
but more recently a process utilizing a 
medium containing molasses (beet or 
cane) has been perfected, and thus the 
cost of the substrate has been reduced. 
The bulk of the citric acid manufactured 
by this process is made by the firm of 
Chas. Pfizer & Co., New York, and since 
1935 very little citric acid has been im¬ 
ported into the United States from 
Europe. 

The problems encountered in the sur¬ 


face culture method have been recently 
reviewed (19, 68 ) and will not be men¬ 
tioned in the following discussion except 
as they bear on problems encountered 
in the submerged culture process. All 
of the reports on the submerged culture 
method refer to laboratory experiments 
carried out in flasks or other laboratory 
size vessels. These vessels are aerated 
by shaking or passing gas mixtures 
through the liquid, and often agitation 
is simultaneously applied. Use of large 
fermentation units has not been reported, 
but it seems probable that such units as 
are used in the mycological production 
of antibiotics could be adapted for my¬ 
cological production of citric acid, al¬ 
though at one time this prospect did not 
appear to be reasonable (74). 

Several decades have passed since 
Amelung (1) reported the production of 
citric acid by Aspergillus japonicus when 
grown in submerged culture. Perquin 
( 49 ) made a rather detailed study of 
many of the problems involved in the 
production of citric acid by this method, 
and many of the subsequent studies 
(31, 32, 63, 64) have been elaborations 
and extentions of this primary work. 
Within the past few years several in- 
vestigati :)ns have given rather contra¬ 
dictory results, and recent papers (47, 
55-57) indicate that several matters 
which were thought to be of rather minor 
significance are of apparently major im¬ 
portance. It is probable that all of the 
conditions affecting the mycological pro¬ 
duction of citric acid by the submerged 
culture method have not been recognized, 
but recent high production yields indi¬ 
cate that perhaps the major problems 
have been solved. 

Selection and Maintenance 
of Cultures 

Citric acid has been reported as a 
metabolic product of many molds, usu¬ 
ally grown in surface culture. 4 \mong 
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them have been Aspergillus niger 
(Sterigmatocystis niger) (68, 73), Bo- 
try tis cinerea (12), A. clavatus (68), 
A. wentii (31, 69), Penicillium luieum 
(14, 15), P, citrinum (14, 15), P. jo- 
hannoli (14, 15), P. citrogenum (14, 30) 
and Mucor piriformis (68). Not all of 
these organisms have been tested in sub¬ 
merged culture; among those so studied 
and found to produce citric acid are A. 
niger (49, 47, 55, 63), A, wentii (31, 70), 
P. chrysogenum (49), Sclerotium del- 
phinii (43) and Polyporus anceps (48). 
It is probable that all organisms prod¬ 
ucing citric acid in surface culture will 
produce it in submerged culture under 
suitable conditions. As will be seen from 
the following discussion, certain cultures 
of a given species, and certain genera, 
appear to be more sensitive to certain 
fermentation conditions than other cul¬ 
tures and genera, and thus selection of 
cultures for study and evaluation of re¬ 
sults obtained should not be based en¬ 
tirely on the performance found in sur¬ 
face culture. 

In a study of 72 A. niger cultures ob¬ 
tained from different culture collections 
and presumably of different origin, it ap¬ 
peared that all the cultures produced an 
appreciable quantity of citric acid when 
grown in submerged culture on synthetic 
media (sucrose and inorganic salts) or on 
molasses media (47). Only a few of this 
group, however, produced large amounts 
of acid under the fermentation conditions 
used, e,g., more than 50 grams of acid 
from the fermentation of 100 grams of 
sucrose, and it seemed (piite obvious 
that these cultures differed physio¬ 
logically from the others. A similar 
survey (56) of a smaller group on a 
synthetic medium obtained the same 
general result. It is probable that a 
similar situation will be found in in¬ 
vestigations of citric acid production by 
other species and genera. 

Complicating this choice of culture are 


the reports on culture variation (4, 6, 
18, 33, 22). This variation was first 
noted in studying the citric acid pro¬ 
duction by A. niger in surface culture 
(18, 46). Subcultures obtained by iso¬ 
lation of single spores from a high or 
low producer have shown considerable 
variation in their ability to produce cit¬ 
ric acid. These isolates do not differ from 
the parent culture morphologically, and 
seem to grow as well as the parent cul¬ 
ture on all media, but often produce far 
less or far more citric acid than the par¬ 
ent culture. This evidence might be in¬ 
terpreted to indicate that these cultures 
of A, niger really consist of mixed popul¬ 
ations. It seems probable that these are 
the results of natural variation, since 
they apparently occur with appnxxi- 
mately the same frequency in cultures 
derived from single spore isolations as 
ill cultures transferred by mass inocu¬ 
lation procedures. Preliminary studies 
indicate that the same general behavior 
is noted with the cultures found suitable 
for use ill submerged culture process 
(47). 

Once the desired culture has been se¬ 
lected, care must be taken to “stabilize” 
it so that a constant inoculum may be 
obtained. Tliis has been done in other 
microbiological processes by drying the 
spores on soil, or by lyophilizing them 
in serum or milk (3). In studying the 
production of citric acid in surface cul¬ 
ture it was noted (18) tliat the storage 
conditions of the stock cultures dried on 
soil was very inifiortant. Best results 
were obtained when the stock cultures 
were stored at ice-box temperatures, and 
very poor results were obtained when 
they were stored at 37° C. Similar ob¬ 
servations (47) were made in connection 
with the storage of soil stocks of cultures 
used in the submerged culture process. 

The observed cultural variation men¬ 
tioned above has suggested the possi¬ 
bility that induced variants, sometimes 



PRODUCTION OP CITRIC ACID 


363 


called “ mutants of these cultures 
might be selected by various means and 
would be found to be better adapted than 
the parent cultures to the production of 
citric acid under certain fermentation 
conditions. The effect of various chemi¬ 
cal agents in inducing variations in a 
number of the aspergilli have been 
studied (61, 67), and several reports 
(21) have appeared in the literature in- 
di(*.ating that such agents as ultra-violet 
light, carcinogenic hydrocarbons and 
x-rays will cause morphological and pre¬ 
sumably physiological changes in cul¬ 
tures exposed to these forces. Unfor¬ 
tunately these reports are of a 
preliminary nature, and consideration 
of the possibilities of this approach 
awaits presentation of a detailed study. 

The agar medium used to grow the 
spores in preparation for inoculation of 
(Uilture flasks is of considerable impor¬ 
tance when cultures of A. niger arc used. 
Shu and Johnson (55), in studying acid 
produ(ition by one strain, have shown 
that the presence of traces (0.1 p.p.m.) 
of manganese salts in the medium used 
in this stage results in considerable re¬ 
duction in citric acid yields, presumably 
due to carry over of maganesc to the 
fermentation stage from the inoculum. 
They found that this effect may be par¬ 
tially reversed by imduding zinc salts. 
Observations with other strains of this 
organi.sm (47) have confirmed this report 
that inclusion of manganese salts in the 
agar media used for growing the s]>ores 
is undesirable, and also that this effect 
may be minimized by inclusion of iron 
salts in the media. However, not all cul¬ 
tures of A. niger are so affected, and it 
is probable that this effect will not be 
found in other genera. Nevertheless, 
it is of interest that such a minor oper¬ 
ation as the preparation of inoculum me¬ 
dium has such an effect on the results of 
the fermentation. Solid media, such as 
oat meal and wheat grains, has been used 


with some success for the preparation of 
spores (49). 

While several types of inoculum may 
be used to inoculate mold fermentations 
in laboratory vessels of larger equipment, 
the results obtained when vegetative 
growth is used appear to be more re¬ 
producible than when a spore suspen¬ 
sion is employed. Use of a spore sus¬ 
pension obtained by scraping the spores 
from a culture grown on agar media or 
on starchy materials, e.g., wheat grain, 
oat meal or rye grain, is adapted for 
laboratory experiments and has often 
been used. However, the effects men¬ 
tioned in the previous section regarding 
the influence of the medium used for 
production of the spores make the use 
of more iiuxuilum a more important fac¬ 
tor in determining the ultimate success 
of the fermentation than is usually ap¬ 
preciated, and perhaps in time this 
method will be discarded in favor of 
vegetative growth. 

A vegetative inoculum phase is de¬ 
sirable for large scale operation, since 
it reduces the time required to complete 
the fermentation cycle. This vegetative 
inoculum may be grown on media simi¬ 
lar to the medium used in the larger 
fermentation unit, or may be grown on 
entirely different media. Oj)inions fa¬ 
voring both types of media have been 
noted ill the literature. Three Investiga¬ 
tors (32, 49, 63) report that the in¬ 
oculum should be grown on a complete 
medium and then transfered to a de¬ 
ficient medium. This practice is feasible 
on a small scale but certainly has limited 
application for large scale operations, 
especially if the fermentation is to be 
kept bacteriologically uncontaminated. 
Shu and Johnson (56) have used a spore 
suspension in their laboratory experi¬ 
ments and have observed that no ad¬ 
vantage was gained by the use ot two 
media. They have suggested Ihat the 
alternate practice arises from tlib ise of 
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an unbalanced fermentation medium. 

The size of inoculum used in fermen¬ 
tation grown under submerged culture 
conditions may vary from three to 40 
per cent of the final volume of the fer¬ 
mentation. When the method described 
by Szucs (63) and Karow (31) is used, 
the inoculum could be considered to con¬ 
sist of 100 per cent of the fermentation 
volume. Generally in large scale sub¬ 
merged culture work, several vegetative 
stages are used, starting with small 
units, e,g„ Erlenmeyer flasks, and build¬ 
ing up to larger units, e.g., 300 gallon 
tanks, in several stages. 

Selection of Media 

Synthetic Media. Many of the pre¬ 
liminary experiments have been confined 
to the study of citric acid production 
on media in which all the constituents 
were known, usually called “synthetic 
media’for it has been hoped that under 
these controlled nutritional conditions it 
would be possible to ascertain and under¬ 
stand the factors affecting citric acid 
production. While this reasoning is 
thought to be sound, it may result in 
making the situation too simple or too 
complex. For example, citric acid pro¬ 
duction by certain strains of A, niger 
is markedly affected by the presence of 
as little as 0.1 p.p.m. of iron in a syn¬ 
thetic medium. Thus use of this culture 
would be limited to media which con¬ 
tain less than this amount of iron, and 
of course this would in turn mean that 
certain raw materials could not be used, 
^.g., molasses, and that certain equip¬ 
ment made of iron or steel could not be 
used. An analogous situation is found 
in the toxic effect of iron on the produc¬ 
tion of riboflavin by bacteria (2) and 
yeasts (65,66). In some cases fermenters 
were constructed of aluminum to cir¬ 
cumvent this difficulty. It would seem 
from this observation that the use of 
molasses as a carbohydrate source could 
not be considered, since it is heavily con¬ 


taminated with inorganic constituents. 
It is possible, however, that the metallic 
ions present might counteract each other, 
as has been noticed in other fermenta¬ 
tions, or that addition of (jertain salts 
would serve to counteract the undesira¬ 
ble effects. When these considerations 
are kept in mind, it will be seen that the 
use of synthetic media has a definite 
place in studies on citric acid produc¬ 
tion. It appears almost necesary to use 
synthetic media for studies on the me¬ 
chanism of mycological production of 
citric acid. 

As mentioned above, by definition a 
synthetic medium is one in which all of 
the constituents are defined quantita¬ 
tively. Since most of the fungi used in 
the mycological production of this acid 
are sensitive to metallic ions, analyses 
of the media are necessary. Too few in¬ 
vestigators have troubled to determine 
the metallic ion content of their basal 
medium when studying the effect of 
metallic ions on acid production, and 
did not indicate that the basal medium, 
usually containing carbohydrate, in¬ 
organic salts and water, was contami¬ 
nated with biologically significant quan¬ 
tities of metallic ions. Those entered as 
impurities in the constituents (43, 44, 
60). It is usually assumed that chemi¬ 
cally pure constituents are also biologi¬ 
cally pure; reflection will remind one 
that C.P. usually indicates that a sub¬ 
stance is only 99.90% pure and that as 
little as 0.01% of a metallic ion impurity 
will influence biological growth. Since 
the presence of as little as 0.1 p.p.m. of 
iron, copper, aluminum, manganese, zinc 
and other metallic ions may markedly 
affect citric acid production (45) when 
these elements are added singly, the 
cumulative effect may be expected to be 
tremendous. Thus it is almost always 
necessary to purify the constituents of 
the media to remove the metallic ions. 

Several methods have been suggested 
to accomplish such removal from carbo- 
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hydrates and non-ionic fractions of the 
media (60). Shu and Johnson (56) 
have used an aluminum hydroxide ad¬ 
sorption procedure with success. A cal¬ 
cium carbonate adsorption method has 
also been used (60). Metallic ion com¬ 
plexes were formed with S-hydroxy- 
quinoline, and then the complex was re¬ 
moved from the medium by extraction 
with extraction with chloroform (71). 
Other chelating agents may be substi¬ 
tuted for 8-hydroxyquinoline, and some 
may be left in the medium (27, 28, 53a), 
since they do not interfer with the prog¬ 
ress of the fermentation. 

A rather non-specific method is the use 
of ion-exchange resins (44, 45). This 
results in removing quantities of all of 
the metallic ions present, and can be ap¬ 
plied only to the non-ionic fraction of 
the media. The method has been ap¬ 
plied with success to various media (26, 
31, 45, 52, 66, 39, 75). 

Purification of the inorganic constitu¬ 
ents of the medium is rather difficult and 
a tedious process. Recrystallization of 
the salts is usually only partly satisfac¬ 
tory, and it is often easier to prepare the 
salts from purified raw materials (Ilut- 
ner, personal communication). 

Selection of carbohydrate materials 
for fermentation studies in the past has 
usually been confined to glucose or su- 
<*rose. Citric acid production on media 
(containing other sugars, including fruc¬ 
tose, as well as inulin, starch and dextrin, 
has been reported (69, 47). As most of 
the fungi which are used prodime am¬ 
ylases, the use of polymers of simple 
sugars is to be expected. It appears 
that these substrates must be purified 
before use, for apparently it is the inor¬ 
ganic impurities which must be removed 
(47). 

The optimum concentration of carbo¬ 
hydrate in synthetic media used in lab¬ 
oratory studies seems to fall between 100 
and 150 grams per liter. If higher con¬ 
centrations are used, the fermentations 


must extend over a long period to con¬ 
vert the maximum amount of carbohy¬ 
drate to acid, and the efficiency of the 
process is often diminished. Also, many 
of the cultures Apparently do not toler¬ 
ate high concentrations of acid and will 
stop metabolizing the substrate when 
such conditions exist. If lower concen¬ 
trations are utilized, it is apparent that 
the quantity of substrate used in the 
formation of mycelium is necessary, e,g., 
if a medium containing 50 grams per 
liter of sucrose is used, as much as 35 
grams per liter are used for growth and 
energy, while if the medium contains 
100 grams per liter, only 45 grams are 
u.sed for mycelium formation and en¬ 
ergy. When sufficient purification has 
been achieved, yields on media contain¬ 
ing glucose, fructose or sucrose have 
ranged from 50 to 75 grams of citric 
acid, calculated as anhydrous acid, for 
every 100 grams of carbohydrate fer¬ 
mented (57). It is probable that yields 
on synthetic media containing other car¬ 
bohydrates will approach these figures. 

Several organic and inorganic nitro¬ 
gen sources have been used in synthetic 
media including ammonia salts, nitrates 
and such potential ammonia sources as 
urea and amino acids. A comparison 
(56, 16) of these sources has not indi¬ 
cated that any one is better than the 
others. It is possible that the advant¬ 
ages sometimes noted (31) are evidences 
of the purity of the compounds used. 
Most of these cultures used in laboratory 
experiments produce significant quanti¬ 
ties of proteinase, and it is possible that 
polypeptides might be used as efficiently 
as inorganic nitrogen sources. While 
detailed reports are not available, it is 
probable that a great excess in the 
medium of biologically available nitro¬ 
gen is to be avoided (56, 16). 

Many of the studies on the mycologi- 
cal production of citric acid have indi¬ 
cated that the balance of inorg^ic nu¬ 
trients, mainly traces of minor eHi. ents, 
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is very important. While all investiga¬ 
tors find that media should contain phos¬ 
phate, magnesium and potassium salts 
as well as small quantities of iron, man¬ 
ganese and zinc salts, it is the balance of 
these salts ^hat appears to be important. 
Evidently this is the object of the two- 
stage process, used by Szucs (63, 64) 
and Karow (31), in which the mycelium 
is grown on a medium containing phos¬ 
phate and then transferred to one with¬ 
out phosphate, where acid production 
proceeds. These investigators indicate 
that with the cultures used (A. wentii 
and ^1. niger), good yields of citric acid 
are dependent on the absence of biologi¬ 
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cally available phosphate in the fermen¬ 
tation phase of the process. Shu and 
Johnson (56), working with another cul¬ 
ture of A. niger, have shown that it is 
not the phosphate alone which is impor¬ 
tant but rather the balance of manganese, 
zinc and phosphate. This relationship is 
illustrated by the data in Figure 1, where 
acid production on a high phosphate 
medium in the presence of a trace of 
manganese was lower than that obtained 
on a low phosphate medium. (This ob¬ 
servation has been made independently 
by Georgi and associates, personal com¬ 
munication). Shu and Johnson also 
noted that if the two stage process is 
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Fio. 1 {Upper left). Effect of the presence of manganese ions in high- and low-Phosphate 
media on citric acid production. (Courtesy of Shu and Johnson (56).) 

Fig. 2 (Upper right). Effect of concentration of iron and zinc ions on citric acid produc¬ 
tion. (Courtesy of Shu and Johnson (56).) 

Fig, 3 (Lower left). Chemical changes occurring during fermentation of sucrose-salts me¬ 
dium by high-yielding culture of Aspergillus niger. (Abstracted from (47).) 

Fig. 4 (Lower right). Chemical changes occurring during fermentation of sucrose-salts me¬ 
dium by low-yielding culture of Aspergillus niger. (Abstracted from (47).) 
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used, phosphate must be added if the 
mycelium (grown on a ‘^complete’’ 
medium, e.g,, high phosphate) is care¬ 
fully washed free of adhering phosphate. 
It seems probable that standardization 
of this two-stage process would be diffi¬ 
cult, since residual phosphate would be 
held by the mycelium. 

The importance of iron, zinc, manga¬ 
nese and other of the “minor’’ elements 
has been stressed (47, 49). It is prob¬ 
able that the similar interrelationships 
mentioned by Shu and Johnson (56), 
illustrated for iron and zinc in Figure 
2, will be found for these elements. The 
role of iron appears to be concerned with 
utilization of the citric acid formed as 
well as with growth of the organism (20, 
47). if periodic additions of iron are 
made to high-yielding fermentations, the 
rate of citric acid utilization is markedly 
increased, and by careful adjustment it 
is possible to prevent ac(*umulation of 
any acid. Tt is probable that a similar 
pole will be found for the other elements 
used in most media. These studies with 
iron (47) have been made with several 
strains of A. niger and indicate that, 
while all strains are sensitive to the 
presence of iron and while all strains 
will metabolize citric acid, the degree of 
sensitivity to iron varies markedly and 
is perhaps related to the ability of the 
culture to use iron citrate rather than 
“free” iron. It is probable that other 
fungi will not be so sensitive as A. niger 
to the presence of iron, since they are 
not inhibited by cyanide (30). This 
perhaps indicates why addition of cal¬ 
cium is necessary if strains of Penicil- 
lium are used (76) (experiments done 
in surface culture, but undoubtedly bear 
on the submerged process), and suggest 
that the Penicillium cultures cannot 
utilize calcium citrate, and thus the 
citric acid accumulates. 

Calcium salts have often been added 
to media used for citric acid production, 
in both surface and submerged culture 


(49, 76), with varying effects on acid 
production. Hutner (27, 28) has sug¬ 
gested that calcium salts act as a negat¬ 
ing agent, neutralizing the undesired 
effects of other metallic ions, as shown in 
his experiments with bacteria. Addi¬ 
tion of calcium serves to buffer the 
medium, and when it is added to grow¬ 
ing cultures of A. wentii and A. niger 
(31, 49), oxalic acid accumulates, and 
less citric acid is found. The accumula¬ 
tion of oxalic acid seems to be separated, 
however, from the accumulation of the 
citric acid, and may occur because cal¬ 
cium oxalate is relatively insoluble and 
biologically unavailable. On the other 
hand certain cultures are markedly in¬ 
hibited by the citric acid they produce, 
and citrate accumulates in significant 
quantities only in the presence of a 
neutralizing agent (43, 76). 

Studies on the effect of the addition 
of many metallic ions on the production 
of citric acid in surface culture have not 
indicated that any one is essential for 
citrate production. Recent studies in 
submerged culture under rather con¬ 
trolled conditions (56, 47) have not shed 
any light on this aspect, even though 
highly purified media were used. As 
might be expected inclusion of some of 
these had no api)reciable effect on citrate 
yields, while others resulted in a signifi¬ 
cant reduction of citrate yields. Sjo- 
lander (58) has added strips of a num¬ 
ber of alloys to shaken flasks fermenta¬ 
tions and noted that only the addition of 
strips of aluminum alloy did not cause 
reduction in acid production. The re¬ 
duced yields of acid noted when the 
other alloys were present was undoubt¬ 
edly due to the metallic ions added to 
the medium by the solution of the alloys. 

Addition of vitamins and organic 
growth factors to A, niger fermentations 
in surface culture has not resulted in 
increased acid production (44),*^and it 
is expected that a similar situatJfei will 
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be noted with the submerged culture 
process (56). However, if other or¬ 
ganisms are used for the production of 
citric acid, including Polyporus sp. (48) 
and Botrytis cinerea (17), addition of 
thiamin to a synthetic medium is neces¬ 
sary in order to obtain growth. While 
these organisms have been found to pro¬ 
duce very small amounts of citric acid 
when grown in submerged culture, it is 
possible that production might be in¬ 
creased under favorable conditions. 

Essentially the same process used for 
the recovery of citric acid from surface 
culture fermentations (9, 10) may be 
employed for the recovery of acid from 
submerged fermentations. The my¬ 
celium is collected by filtration, calcium 
oxide is added to the filtrate, and the 
mixture heated. The precipitated cal¬ 
cium citrate may be purified by recrys- 
tallization, and the citric acid regener¬ 
ated from the calcium salt with sulfuric 
acid. The commercial product is usu¬ 
ally citric acid monohydrate. The col¬ 
lected mycelium contains significant 
quantities of B-complex vitamins and 
amino acids, and has value as a feed 
supplement similar to other mycelia 
(62). 

Natural Media. The above discussion 
has been concerned with media in which 
all of the constituents are known and 
thus individually of reasonable purity. 
Economically this has disadvantages, for 
purification of the ingredients is expen¬ 
sive, and less pure materials are of 
course usually less expensive. While 
the surface culture process when started 
commercially as a medium contained 
purified sucrose, more recently beet mo¬ 
lasses and cane molasses have been used 
(68). These substrates are considerably 
less expensive than the purified sucrose, 
and under present conditions a com¬ 
mercial process must use them to meet 
competition. 

Citric acid production has been 
studied on media containing inexpen¬ 


sive and readily available carbohydrates, 
including cane molasses, beet molasses, 
maltose syrups, starch products, cellu¬ 
lose hydrolyzates and similar materials. 
Several grades of each of these classes 
have been studied in the surface culture 
process (69, 42), and some of them have 
received attention in the submerged cul¬ 
ture process (31, 47, 58). These sub¬ 
strates are of variable composition, arid 
a somewhat flexible fermentation process 
must be designed if they are to be used. 
The available data indicate that under 
suitable conditions fairly high yields of 
citric acid may be obtained on media 
containing molasses and similar crude 
carbohydrates. 

Since molasses and starchy materials 
contain large quantities of materials of 
unknown composition, purification of 
these materials is often attempted to re¬ 
duce the amounts of undesirable sub¬ 
stances and make the substrate usable. 
The data available dealing mainly with 
citric acid production by aspergilli (31, 
25, 46, 58, 33) in surface and submerged 
culture indicate that removal of certain 
of the inorganic constituents of the mo¬ 
lasses results in increased acid produc¬ 
tion. Analyses of various samples of 
molasses (44, 46, 54, 25) have shown that 
certain products contain considerable 
ash, sometimes as high as 20 per cent of 
the weight of molasses. Reduction of 
this inorganic fraction by treatment 
with ionic-exchange materials (7, 8, 26, 
39, 72), charcoal (31, 38), chemicals 
(38, 25, 29) and other materials (28, 40) 
has resulted in a product which may be 
used for the production of citric acid. 
Beet molasses contains significant quan¬ 
tities of nitrogen and phosphates, while 
cane molasses is low in these ingredients 
(44), and .nitrogen-containing com¬ 
pounds and phosphates are usually 
added to media prepared with cane mo¬ 
lasses, while such additions are not 
necessary when beet molasses is used. 
The ionic exchange treatments (46) 
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which are well adapted to remove the 
inorganic constituents from molasses do 
not remove all the nitrogenous com¬ 
pounds. Purification of molasses by 
these procedures is likely to be an ex¬ 
pensive process, and the cost may de¬ 
termine in part the feasibility of using 
these substances as substrates. Crude 
starch has a low ash content, much lower 
than most types of molasses, and puri¬ 
fication of this substance may be less 
expensive than purification of molasses. 
Thus while starch costs more initially, 
it may have advantages over molasses 
whose initial cost is low but whose puri¬ 
fication cost may be high. 

Few data are available on fermenta¬ 
tions which have used these crude carbo¬ 
hydrate sources as substrates for the 
submerged culture process. It appears 
that after suitable treatment rather high 
yields may be obtained (47, 32, 58). 
The same problems that are found with 
the use of synthetic media are en¬ 
countered with this type of media. 
These include culture selection, incuba¬ 
tion temperature, aeration methods and 
recovery methods. When crude sub¬ 
strates are used there are perhaps more 
difficulties encountered. Certainly re¬ 
covery of the citric acid is more difficult, 
since the product is likely to be colored 
from adsorbed materials, and frequently 
recrystallization is necessary. Selection 
of cultures is often more difficult for a 
comparable process utilizing synthetic 
media, for the molasses often appears to 
contain substances inhibitory to citric 
acid production though not to growth. 
Cultures which are satisfactory for the 
synthetic media are often not useful for 
molasses media, but fortunately cultures 
which do well on molasses media also do 
well on synthetic media (47, 32). 

Fermentation Conditions 

Aeration. The foregoing discussion 
has been concerned mainly with the ef¬ 
fect of constituents of the medium on 


citric acid production under given fer¬ 
mentation conditions. Several reports 
are available illustrating the effect of 
changing the fermentation conditions on 
acid production. One of these factors 
which has received study in several lab¬ 
oratories is that of different aeration 
methods on acid production (32, 47, 56). 
Nearly all of the laboratory studies have 
used shaken Erlenmeyer flasks as fer¬ 
mentation vessels (32, 47, 56, 58, 49) 
and have conducted a few studies in 
which the fermentations were grown in 
flasks aerated by passing gaseous mix¬ 
tures through fritted glass plates or por¬ 
ous stones, indicating that this method 
may be also used (31, 63). Various gas 
mixtures have been passed through fer¬ 
mentations in these latter vessels. Szues 
(63, 64) and Karow and Waksman (32) 
have found that use of oxygen resulted 
in best yields, while others have obtained 
good yields when air was supplied (47, 
53a, 56). J t is apparent that under either 
of these conditions the fungus does not 
use more than 5% of the oxygen passed 
through the medium, as ascertained by 
measurement of the carbon dioxide con¬ 
tent of the exhaust gas, and it is pre¬ 
sumed that aeration accomplishes more 
than to provide a source of available 
oxygen. Study of the data does not in¬ 
dicate why oxygen is desirable when a 
low phosphate medium is used (31, 63), 
and repetition of these experiments in 
another laboratory (56) has indicated 
that air may be used with other cultures 
of A. niger when grown on these media. 
Szues (64) has reported that addition 
of milk colloids has resulted in increased 
citric acid production, which he attri¬ 
butes to the effect of the colloidal par¬ 
ticles on the dispersion of the air. 

The methods by which fermentation 
vessels are agitated has a direct effect 
on aeration efficiency in submerged cul¬ 
ture fermentations (11, 59). Agitation 
and mixing are often increased byAise of 
paddles, baffles and pumps for re(^^; ling 
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a portion of the vessels’ contents. As 
laboratory studies have been mainly con¬ 
fined to small scale fermentations, no 
data are available concerning the dif¬ 
ficulties in adapting the fermentations 
to large scale operations, but similar 
problems are expected to arise as were 
noted in the penicillin process (11, 59). 

Temperature. The effect of the tem¬ 
perature of incubation during the fer¬ 
mentation period on citric acid produc¬ 
tion has received some study in both the 
surface culture process (41, 35, 44) and 
the submerged process (47). Nearly all 
of the organisms studied will grow well 
when incubated in the range of 15-40® 
C. However, growth is not necessarily 
to be associated with citric acid produc¬ 
tion, and, as noted by Perlman (47), 
nearly all strains of A. niger tested pro¬ 
duced rather high yields of citric acid 
when incubated at 24-30® C., but prac¬ 
tically no acid when incubated at 37® C. 
The quantity of mycelium found at the 
higher temeprature was as great as that 
at the lower temperature. The data are 
too fragmentary to allow much specula¬ 
tion regarding possible reasons for this 
situation, but do indicate that metabolic 
rates are usually higher at the higher 
temperatures, and that citrate is metabo¬ 
lized at a faster rate at the higher tem¬ 
perature. Certain strains of A. niger 
appear to produce more citrate than 
others at the higher temperature, but 
this may be the result of the observation 
that these cultures do not utilize the 
citrate formed as rapidly as do the so- 
called ‘‘poor” producers. 

Culture Techniques. Mention has 
been made of the two-stage process used 
by Szucs (63) and Karow and Waksman 
(32, 70). This process is similar in plan 
to the “reuse of mycelium” practice 
used successfully in surface culture fer¬ 
mentations (13), where the fermented 
medium is removed from underneath the 
mycelium and replaced with fresh me- 
diupi. While in surface culture prac¬ 


tice it is comparatively simple to remove 
and replace the medium without dis¬ 
turbing the mycelium, this operation be¬ 
comes rather complicated in the sub¬ 
merged culture x>rocess. The mycelium 
in this latter process is rather shapeless 
and without rigidity, and filtration re¬ 
sults in “packing” of the mycelium and 
makes washing of the collected material 
rather difficult. Both Szucs (63) and 
Karow (31) indicate that the collected 
mycelium must be washed thoroughly to 
remove the residual fluid from the first 
stage of the fermentation. While the 
mold cells appear to withstand a mini¬ 
mum, measurements (43) have indicated 
that ability to oxidize glucose is reduced 
after even a short treatment, and no 
doubt too rough treatment will result 
in considerable killing of the mycelial 
cells. Application of the two-stage proc- 
es to large scale fermentation practice 
has not been reported, and undoubtedly 
unexpected problems will be found, 
especially if other organisms are to be 
kept out of the fermenters. 

Application of the “continuous fer¬ 
mentation” technique or the “slow- 
feed” technique to this fermentation 
process has not been reported, but, since 
it has been used successfully in other 
mold fermentations operated under sub¬ 
merged conditions, it seems adapted to 
this fermentation. Tn one variation of 
the former technique medium is added 
periodically to the fermentation vessel, 
and an equal volume is removed simul¬ 
taneously. In the latter method a con¬ 
centrated solution of substrate is added 
periodically to replace that fermented. 
Both of these practices appear to reduce 
the time necessary for the production of 
acid from a given quantity of medium. 

Mechanism of Mycological 
Citric Acid Production 

Chemical Changes Occurring Dur¬ 
ing the Fermentation. The chemical 
changes occurring during fermentation 
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of a synthetic medium in surface cul¬ 
ture have been studied by several in¬ 
vestigators (44, 73). Similar studies 
have been made with high- and low- 
yielding strains of A. niger in fermenta¬ 
tions of a sucrose medium in submerged 
culture, with the essential data sum¬ 
marized in Figures 3 and 4. It may be 
seen that while some differences exist be¬ 
tween the types of fermentation practice, 
greater difference were observed be¬ 
tween the two cultures used. The low- 
yielding culture fermented the available 
sucrose at a much slower rate than the 
high-yielding culture, and the total acid 
formation rate was much slower with 
the former culture. Perhaps this in¬ 
dicates a more complete oxidation of the 
carbohydrate, since the curve represent¬ 
ing the oxygen demand is much more 
drawn out. Only traces of oxalic acid 
were formed by either of the cultures. 
However, gluconic acid, identified by the 
benzimidazole derivative, was found in 
the early stages of the fermentation by 
the high-yielding culture and was not 
noted in the media fermented by the low- 
yielding culture. Perhaps this is the 
lion-citric acid noted during the early 
part of the fermentation period. Glu¬ 
conic acid could not be found during 
the latter part of the fermentation 
period. 

Role of Carbon Dioxide. The role of 
carbon dioxide in this fermentation has 
been the subject of much speculation. 
Use of it, containing the isotopic forms 
of carbon and C^^ radioactive; 
stable type), has enabled investigators 
to trace the utilization of this component. 
Little evidence has been presented, how¬ 
ever, that it plays a major role in citric 
acid formation. Foster et al. (24), on 
the basis of an experiment utilizing 
C ^^02 (half-life of 20 min.), have pro¬ 
posed that it is incorporated in the car¬ 
boxyl groups of the citric acid formed. 
However, the evidence is not well estab¬ 
lished, for the organism was grown only 


20 minutes in the presence of air en¬ 
riched with and this brown- 

spored culture of A. nigcr^ later iden¬ 
tified as A. wentii by Karow (31) who 
obtained best results when oxygen was 
used as the aerating gas mixture, would 
form traces of citric acid (less than 0.01 
mg. per ml) only during this interval 
when grown under the best of condi¬ 
tions. El-Kerdany (23), working with 
C‘‘^ 02 , has reported that in surface cul¬ 
ture carbon dioxide is incorporated into 
the mycelium and the carboxyl groups 
of the citric acid formed. The extent of 
incorporation was not determined. Mar¬ 
tin and Wilson (37) have given a pre¬ 
liminary report on the incorporation of 
carbon dioxide into citric acid when the 
organism is grown on a synthetic me¬ 
dium in submerged culture, and found 
the tagged carbon in the carboxyl 
groups of the citric acid. They sug¬ 
gested that less than 10 per cent of the 
itiirut acid formed contains the carbon 
from the carbon dioxide. Until the mag¬ 
nitude of the fixation is determined it 
is rather valueless to speculate in which 
reactions the carbon dioxide could par- 
ticiy)ate. 

Intermediates in Citric Acid Forma¬ 
tion. The increase in citric acid produc¬ 
tion following addition of certain car¬ 
bon-containing compounds to growing 
cultures has been presented as evidence 
that these compounds are inteimiediates 
in the formation of citric acid. The 
studies in surface culture have been the 
basis of many theories and have been 
summarized (51, 68). The studies in 
submerged culture (47) have indicated 
that acetate and ethanol will increase 
the quantity of citric acid formed when 
they are added to growing cultures. 
However, these substances may be 
merely useful carbon sources and may 
not act as intermediates in citric acid 
formation. Addition of small quantities 
of oxalic acid, tartaric acid or hydroxy- 
isobutyric acid also resulted i'l in- 
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creased acid production. Undoubtedly 
these compounds acted to form biolog¬ 
ically unavailable complexes of certain 
metallic ions present in the media and 
thus probably reduced the mycological 
degradation of the citric acid (20, 47). 
The addition of these acids and the re¬ 
sulting increase in citric acid production 
can not be used as indication that these 
acids serve as intermediates in the pro¬ 
duction of the citric acid. 

Summary 

The literature concerning the mycol¬ 
ogical process of citric acid production 
in submerged culture has so far been 
confined to reports of laboratory experi¬ 
ments ; details regarding commercial 
production are not a matter of public 
information. These reports indicate 
that the problems associated with devel¬ 
opment of the method concern selection 
of mold cultures, preparation of inocula, 
selection of media and methods of aera¬ 
tion. They also show that yields of 
citric acid have been obtained on a lab¬ 
oratory scale by the submerged culture 
method that are very similar to those 
obtained by the longer established sur¬ 
face culture procedure, namely, 70 
grams of citric acid from the fermenta¬ 
tion of 100 grams of carbohydrate. 
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Utilization Abstract 


Citrus Waste Oil. In the .spring of 
1947 the Hutchman Company of Lakeland, 
Fla., began operating the only plant of its 
kind for extracting oil from citrus waste, and 
in 1949 processed as much as four tank cars 
of citrus seed oil in a single month. At the 
present time, the seeds, after removal from the 


waste, are processed into approximately one- 
third oil for use‘in the manufacture of plas¬ 
tics, resins and medicinals; one-half into cattle 
meal; and one-sixth into hulls to be ground 
for use as a fertilizer conditioner. (J. E. 
Hutchman, Chemurgic Digest S(9) : 4. 

1949). 



Research on the Improvement of 
Turpentine Practices 

The age-old turpentine industry is being modernized 
by a three-fold research attack involving advances in 
extraction techniques through chemical stimulation 
procedures: the selection, breeding and propagation 
of high-yielding turpentine pines; and engineering 
research on equipment used in woods operations. 

ALBERT G. SNOW, JR.^ 


One of the most colorful segments of 
American forest enterprise is the gum 
naval stores industry of the deep South. 
The industry centers around the solitary 
'‘chipper’' who winds his way through 
swamps and saw-palmcttoes, wounding 
thousands of trees once each week. He 
repeats what his father and grandfather 
probably did before him. However, the 
naval stores industry must (‘ompete 
with newer industries for manpower, 
and its products must be marketed in 
competition with those of modern chem¬ 
ical industries. It was inevitable, there¬ 
fore, that technological })rogress should 
come to the turpentine woods, even 
though somewhat tardily, and attention 
focus on the woods worker who taps the 
trees. 

History 

For a j)roper understanding of the 
technologi(*al problems of the naval 
stores industry, it is well to examine the 
industry's deep roots in history and 
tradition. 

Pine pitch has long been a trade 
article in commerce, and its early use in 
ship construction and rigging preserva¬ 
tion led to the present name of “Naval 
Stores". The colorful early history of 
the development of the naval stores in- 

1 Silviculturist, Lake City, Florida Branch, 
Southeastern Forest Experiment Station, Forest 
Service, U. S. Department of Agriculture. 


dustry has been interestingly presented 
by Ostrom (7). He started with a de¬ 
scription of the use of pitch during the 
period 315 to 166 BC, and traced the 
changes in this ancient industry through 
to modern times. In those early days 
the pitch used in wooden ship construc¬ 
tion was derived from the tar obtained 
from resinous woods during slow com¬ 
bustion. This relatively crude product 
was used throughout the centuries until 
the early eighteen-hundreds. 

Production of tar and pitch in this 
(‘ountry dates back to the days of the 
early colonial settlers, starting in Nova 
Scotia (1606) and spreading to the 
Carolinas. Little turpentining, as prac- 
ti(‘ed today, was done in the deep South 
prior to 1830. When it was found that 
longleaf pine {Finns palustris Mill.) 
would produce abundant quantities of 
gum, the industry rapidly spread 
throughout the longleaf belt from the 
Carolinas to Texas. At the present time 
the great bulk of production is from the 
second-growth stands of Georgia and 
Florida. 

The earliest large-scale method of gum 
collection involved cutting a hole, or 
“box", in the base of large trees in the 
virgin forest of that time. This crude 
and inefficient system continued without 
change for many years. About the time 
of the transition from the use of virgin 
to second-growth timber one of;;^the few 
375 
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great advances in gum-collecting tech- throughout the gum belt. Shortly after 
niques was made. In 1904, following organized research on better stilling 
sporadic attempts in the use of cups and methods was begun in 1926 by the 
gutters, the Herty system of using metal Bureau of Chemistry and Soils (now 
gutters, and cups of various types, was Bureau of Agricultural and Industrial 
extensively introduced. This basic sys- Chemistry), ''steam-stilF' processing 
tern is still in use today. came into use. A much better product 



Fia. 1. Old style of separating turpentine and rosin by sounding'^ the worm outlet of a 
fire still to determine relative temperature. 


About 1834 the first copper kettles 
were brought to North Carolina, and 
this marked the beginning of the separa¬ 
tion of turpentine and rosin in this coun¬ 
try on any large scale. Formerly either 
the crude gum, or tar and pitch, was put 
in barrels and shipped abroad for proc¬ 
essing. At first the raw gum was trans¬ 
ported to the coastal towns by river, but 
later hundreds of small direct-fire tur¬ 
pentine stills became widely scattered 


was obtained, particularly after the in¬ 
troduction of a process for diluting, 
filtering and washing the crude gum be¬ 
fore stilling. Now about 90 percent of 
the crude gum produced is processed in 
modern steam stills. 

Uses of Naval Stores Products 

The materials derived from the 
oleoresin flowing from wounded pines 
find their way into a multitude of prod- 
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TABI.E 1 

Consumption or Rosin by U. S. Industries, 
APRIL 1, 3947 TO MARCH 31, ]948 


2^’ umber 

Consuming Industry of 

drums* 


Chemicals & Pharmaceuticals. 350,103 

Paper & Paper Size . 347,162 

Ester Gum & Synthetic Resins. 257,929 

Soap . 144,090 

Paint, Varnish & Lacquer . 112,890 

Linoleum & Floor Coverings .. .. 33,532 

Adhesives & Plastics. 18,095 

Rubber . 17,741 

Oils & Greases . 13,193 

Foundries & Supplies . 10,004 

Printing Ink . 7,530 

Shoe Polish . 5,166 

Railroads & Shipyards . 4,653 

Insecticides & Disinfectants . 3,338 

Asphaltic Products . 1,632 

Matches .r. 1,121 

Abattoirs . 618 

Automobiles & Wagons . 219 

Furniture . 6 

Other Industries . 3,717 

Total Reported . 1,332,739 

Not Accounted for . 11,539 

Total Consumption . 1,344,278 


* Each 520 lbs. net. 

ucts in everyday use. The rosin con¬ 
sumers are listed in Table 1. Three of 
these also head the list for turpentine 
consumption given in Table 2. How¬ 
ever, you are one of the unseen members 
of the turpentine group, since most of 
the 325,164 barrels of turpentine listed 
as ^‘Not accounted for’’ goes into the 
retail trade in small bottles found on the 
shelves of nearly every conceivable type 
of store. A bottle of ‘‘Gum spirits of 
turpentine” can be found in a host of 
places between the garage of an office 
worker in Florida and an Eskimo igloo 
in Alaska. 

How Pine Gum is Produced 

Oleoresin, the gum exuded from 
wounded pine trees, is derived on a com¬ 
mercial basis in this country from two 
species, slash pine {Pinus caribaea More- 
let) and longleaf pine {Pinus palustris 
Miller). This gum is composed of two 


TABLE 2 

Consumption of Turpentine by U. S. Indus* 
TRIES, APRIL 1, 1947 to MARCH 31, 1948 


Number 


Consuming Industry of 

barrels* 


Chemicals & Pharmaceuticals . 96,878 

Ester Gum & Synthetic Resins. 17,178 

Paint, Varnish & Lacquer. 15,048 

Railroads & Shipyards . 4,910 

Shoe Polish & Materials . 4,143 

Foundries & Supplies . 882 

Asphaltic Products . 449 

Rubber . 357 

Adhesives & Plastics . 166 

Printing Ink . 154 

Furniture . 153. 

Insecticides & Disinfectants . 125 

Automobiles & Wagons . 74 

Oils & Greases . 25 

Linoleum & Floor Covering . 1 

Other Industries . 116 

Total Reported . 140,059 

Not Accounted For . 325,164 

Total Consumption . 465,773 


* Each 50 gallons. 

principle fractions, rosin and turpen¬ 
tine, which are separated in processing 
by simple distillation. 

In preparing a tree for turpentining 
a worker first smooths the bark near the 
base of a tree with a tool, such as a 
broadaxe. The next step is to fasten 
metal gutters or aprons to the tree to 
guide the flow of gum into the receiving 
cup. This is done by either inserting 
these “tins” in broadaxe incisions or by 
tacking them on the surface of the 
smoothed bark. A round clay flower¬ 
pot-type cup, or flat-bottomed metal cup, 
is hung below the tins to catch the flow 
of oleoresin. The “chipper” then pre¬ 
cedes to cut an incision into the tree, 
about one-half inch deep and one-half 
inch high, for a distance around the tree 
of one-third the circumference, with a 
tool called a “hack”. This chipping is 
done on a weekly schedule, and a total 
of about 32 “streaks” are made during 
the season. The “dip” squad empties 
the cups when full, usually at l^r:^e- or 
four-week intervals. The guuf i col- 
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lected in dip buckets, transferred to 
barrels holding about 435 pounds of 
crude gum, and these are transported to 
a central point in “gum buggys’’—rub¬ 
ber tired wagons drawn by a mule. In 
some modern operations a light tractor 
is used to pull the gum buggy through 
the woods. 

The gum, as it comes from the ends of 
open resin ducts, is in a liquid state. 


continues to come, drop by drop, from 
the exposed ends of these ducts, and 
flows until the ducts are gradually 
closed, perhaps by slow crystallization 
of the gum. Rechipping is then neces¬ 
sary to renew the flow of oleoresin. The 
constituents in oleoresin are synthesized 
in the epithelial cells surrounding the 
open vertical ducts to replace that re¬ 
moved during turpentining. 



Fio. 2. A modern steam plant for processing pine gnm. 


Some of this gum crystallizes on the 
“face’’ below the freshly cut streak and 
forms a hardened mass called “ scrape 
This material, which is lower in turpen¬ 
tine content than fresh oleoresin, is 
collected separately at the end of the 
season. 

Wounding a tree by “chipping” ex¬ 
poses open vertical resin ducts which are 
part of an interconnecting network of 
large vertical ducts and smaller more 
numerous horizontal ducts. The gum 


At central modern steam stills the raw 
gum is dumped into vats, then heated 
and diluted with turpentine to facilitate 
its movement through pipes. During 
processing the gum is filtered and 
washed before going into the still. The 
temperature of the mixture is raised to 
the point where the turpentine is volati¬ 
lized and collected through a condenser. 
The residual rosin is then usually 
drained into metal drums and allowed 
to cool to a clear brittle hardness. In 
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some eases the hot rosin is pumped into 
special heated tank cars and rushed, in 
a liquid state, to the plants utilizing 
rosin on a large scale. 

Economics 

The gum naval stores industry, with 
its 43 million dollar income in 1947, and 
its more than 8,000 gum-producers, is an 
important segment of the economy of 
the South. The droplets of oleoresin 
coming from individual resin ducts less 
than the size of the shank of a pin ac¬ 
cumulated to a total of over 1,350,000 
barrels of gum during the 1947 season. 
It took over 72 million trees to produce 
this total amount of raw gum. This 
means an average of 8.1 i)ounds of gum, 
worth about 58 cents, from each tree. 

This value from each tree each year 
for five to ten years or more looks like 
mighty good business, since there is still 
some wood value in the tree after it is 
no longer useable for turpentining. 
However, customary methods of turpen¬ 
tining require so much hand labor that 
the net income is only a small portion 



Fig. 3. Trend of production of rosin in the 
United States, by types. 



Fio. 4. Trend of production of turpentine 
in the United States, by types (D. D. repre¬ 
sents destructively distilled). 


of the gross value of the gum. For in¬ 
stance, in the old days of virgin timber 
the trees were large and fairly closely 
spaced. A chipper in those days could 
handle up to 10,000 “boxes’’ per week; 
now with scattered second-growth timber 
of smaller size, the task for a chipper is 
about 5,000 “faces” per week. Thus 
the workers’ efficiency is greatly re¬ 
duced. It is estimated that workers 
must walk about 3,000 miles to turpen¬ 
tine 10,000 trees for a full season, taking 
care of all essential operations of cup 
hanging, chipping, gum dipping and 
scrape collection (11). 

The peak production of 750,000 units^ 
in 1908 marked the maximum naval 
stores utilization of the original virgin 
timber. Thereafter the gradual aver- 

2 A gum naval stores unit is one barrel (50 
gal.) of turpentine and 2-2/3 drum^(5?0 lbs. 
net weight each) of rosin. 
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age decline in production coincided with 
lower demand, low prices, decreased 
availability of large trees and greater 
labor costs per unit of gum produced. 
Following the temporary production 
spurt just afer World War I, the same 
production decline continued. 

Another factor contributing to price 
declines was the gradually increased 
competition afforded by substitute prod¬ 
ucts. A cheap substitute for turpen¬ 
tine as a paint thinner and solvent was 
available in the petroleum derivative 
^‘mineral spirits’’. Rosin is also pro¬ 
duced much more cheaply from stump- 
wood, the old stumps of the virgin long- 
leaf timber; it is estimated that 25 or 
more years supply of stumpwood is still 
available. At the present time tall oil, 
a recovered by-product of the sulphate 
process in manufacturing paper from 
pine wood, is being utilized on a much 
larger scale, and because of its cheaper 
price is fast taking over certain rosin 
markets. It is es.timated that two mil¬ 
lion pounds were used in 1943 for paints, 
varnishes and floor coverings, while 32 
million pounds were used in 1947 for the 
same purpose. 

During World War II the demand for 
turpentine and rosin exceeded the sup¬ 
ply. The goal of 350,000 units of gum 
naval stores during the fourth year of 
the war was not met; only 250,000 units 
were produced. The acute labor short¬ 
age was the principal cause of this fail¬ 
ure, since gum production is still largely 
dependent on labor. A continuing 
labor movement from the turpentine 
camps to pulpwood operations has taken 
place since the war. Thus it is evident 
that if the gum naval stores industry is 
to be maintained under increasing com¬ 
petition for labor, new techniques for 
increasing the efficiency of production 
in the woods are urgently needed. 

To meet this demand for increased 
efficiency in gum naval stores produc¬ 
tion, the U. S. Forest Service intensified 


its meager research program in naval 
stores shortly after the beginning of the 
recent'World War. The industry now 
has a much better outlook because of the 
present and future results of three 
lines of research attack: advances in ex¬ 
traction techniques through chemical 
stimulation procedures; selection, breed¬ 
ing and propagation of high-yielding 
turpentine pines; and engineering re¬ 
search on equipment used in woods 
operations. 

Research Progress 

Sporadic individual research efforts 
by Charles Herty started about the turn 
of the present century, while organized 
research in naval stores was delayed 
until studies were commenced at Starke, 
Florida, in 1922 by the Southern Forest 
Experiment Station of the United States 
Forest Service. The program was con¬ 
centrated on improving extraction tech¬ 
niques in the woods. They approached 
the problems by determining optimum 
depths and heights of chipping, tree 
sizes best suited to economical turpen¬ 
tining, optimum number” of faces per 
tree, methods of cup and gutter installa¬ 
tions, frequency of chipping, and a host 
of related studies. Much progress was 
made and many practical techniques 
worked out and recommended for indus¬ 
trial application. 

One big advance was made in delimit¬ 
ing the minimum size of tree to be tur¬ 
pentined. When gum prices were high 
and large virgin trees scare, the operator 
turned to very small trees. It is said 
that some of the trees were so small it 
took two men to work a tree—one to hold 
it steady while the other ehipped. This 
exaggeration emphasized the fact that 
the turpentine men did work very small 
trees—some as small as five inches in 
diameter—and actually the gum yield 
on these small trees was not of sufficient 
value to pay for the cost of operation. 
Largely as a result of early concrete re- 
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search results the minimum size of tree 
for profitable tapping was set at nine 
inches in diameter breast high. The in¬ 
dustry rapidly came to adhere to this 
precept when it was written into the 
Naval Stores Conservation Program of 
the Department of Agriculture in 1936. 

The original concept, when virgin 
trees were being worked, was to chip 
“knee deep and belly wide*’. Later 
research showed that deep chipping, on 
second-growth trees particularly, did 
not yield appreciably greater quantities 
of gum than shallow chipping. The 
deeply chipped trees were also subject 
to excessive wind-throw. At the same 
time chipping a streak from three- 
fourths to one inch in height not only 
used up the tree faster but yielded less 
gum over a period of years. The opti¬ 
mum depth was found to be about one- 
half inch into the wood, and the best 
chipping height was between three- 
eighths and one-half inch. In this way 
the trees could be worked for a much 
longer period of time and were subject 
to less wind breakage, while yielding 
sufficient quantities of gum. 

Another uneconomical practice, car¬ 
ried over from the early days of abun¬ 
dant and large virgin timber, was the 
use of more than one face on small trees. 
Research results showed that when more 
than one face was put on trees under 
about 12 inches d.b.h., the yields per 
face were not sufficient over a period of 
time to allow any profit. The chipper 
was paid on the basis of the number of 
faces chipped, and when gum yields were 
low because of too many cups per tri^e, 
the yield from these “overcupped” trees 
was too low to pay for the <^ost of chip¬ 
ping and dipping. 

Chipping frequency is important in 
obtaining maximum gum yields. When 
a streak is freshly cut, the gum starts to 
flow almost immediately. The rate of 
gum flow reaches a maximum the first 
day, and continues at this rate for two or 


three days before a decline takes place. 
This is aside from diurnal fluctuations, 
where the gum-flow rate starts to in¬ 
crease in the early morning, reaches a 
peak about 9 a.m., slows up to a lower 
rate by evening and is low overnight. 
After about seven days the rate of flow 
is very low, and a fresh streak is then 
cut. Usually the trees are apportioned 
among the workers at the beginning of 
the season, and they are expected to chip 
these trees once a week from March into 
November. Some operators chip their 
trees at irregular intervals during the, 
winter on an average monthly schedule. 

Relatively recent studies have indi-* 
cated that a saving of as much as 30% 
in the first year’s gum yield can be at¬ 
tained by careful methods of installing 
cups and inserting the metal gutters 
which are used to direct the flow of gum. 
Many trees on commercial operations are 
blazed through the bark and wood for 
setting cups, and are deeply incised with 
a broadax for the insertion of gutters 
and “aprons”. Such treatment renders 
the trees more susceptible to wind-throw 
and interferes with normal conduction 
of water, nutrients and gum. It is good 
practice not to let any gutter incisions 
exceed the depth to be chipped during 
the course of the naval stores season. 
This applies to both the old established 
practice of “deep chipping” (about one- 
half inch deep) and the newer tech¬ 
niques of “bark-depth” chipping where 
chemical stimulants are used. 

Modern Advances in Gum Extraction 

Intensive research efforts were started 
shortly after the beginning of World 
War II. The cooperative effort in three 
main types of studies resulted in finding 
methods to increase both gum produc¬ 
tion and the efficiency of woods work. 
Fundamental studies were made in the 
physiology and anatomy of factors af¬ 
fecting the flow of oleoresin. Findings 
of possible practical application from 
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these studies were next tested in care- tions. In this way new practical tur- 
fully controlled field experiments where pentining methods were found, tested 
the yields from calibrated trees were and tentatively proved in a relatively 
individually measured at frequent in- short time. 

tervals. The most promising treatments Chemical Stimulation. Delimiting 
were then tested in pilot-plant studies the best techniques for prolonging gum 
where selected stands of trees were sub- flow by application of chemicals to the 
jected to these treatments, provided with fresh wounds has been one of the major 
standard controls, and the work done by recent contributions of research to the 
actual turpentine operators on their own future well-being of the naval stores in¬ 
land under existing commercial condi- dustry. The development of chemical 



Fig. 6. Puiicb-woiind system for jireliniinary tests of chemicals that might stimulateJfhe How 
of oleoresin. 
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stimulation possibilities has been de¬ 
scribed by (3strom (8) who mentioned 
the initial use of chemicals to stimulate 
gum flow in the early thirties in Europe, 
and the modest research in this country 
prior to the last World War. 

Initial studies in gum-flow stimula¬ 
tion, made at the Olustee Experimental 
Forest near Lake City, Florida, indi¬ 
cated that sulphuric acid, hydrochloric 
and possibly sodium hydroxide would 
stimulate the flow of gum, particularly 
ill slash pine {Pintts carihaea Morelet). 
This was the status of our knowledge at 
the start of World War II. The im¬ 
mediate need for increased gum produc¬ 
tion led to an expanded research pro¬ 
gram. First, we needed to know the 
optimum concentration of a specific 
chemical that would w'ork on slash pine 
and longleaf pine. It was found, con¬ 
sidering availability of chemical, cost 
an^ ^ i^ ^ffect, that sulphuric acid in 
corfbei§|ration of 40 to 60% was best for 
slash anid longleaf pine, respectively. 
Recent work has shown that a concen¬ 
tration of 50% may be feasible to use on 
both species. 

In practice about one cubic centimeter 
of the proper strength acid is sprayed 
on a freshly cut streak with the applied 
liqipd hitting the wound at the junction 
ofybark and wood in the cambium region 
clear across the face. In contrast to 
regular untreated chipping, the rate of 
gum flow increases more sharply in the 
case of acid treatment and continues at 
this accelerated rate for a much longer 
period of time. The rate of gum flow 
slows down markedly with regular un¬ 
treated chipping after four or five days, 
while with acid the increased rate con¬ 
tinues with only slight reduction for ten 
days or more and is still appreciable 
even into the third week. 

The action of chemical stimulants in 
accelerating and prolonging gum flow 
is intimately associated with the small 
resin ducts from which the droplets of 


oleoresin exude. As described by Os- 
trom (8) ; These ducts extend verti- 
itally in the wood and horizontally 
toward the center of the tree in both 
bark and wood. Where the vertical and 
horizontal ducts cross, their cavities 
join, as in the plumbing system of a 
building. All of the ducts are lined 
with thin-walled, brick shaped paren¬ 
chyma cells which, in the wood, contrast 
sharply with the long, thick-walled wood 
fibers. After treatment with a strong 
acid, the tender cells lining the ducts 
are collapsed near the site of treatment, 
and the duct channels are correspond¬ 
ingly enlarged. It is reasonable to sup¬ 
pose that as a result, the gum can exude 
more raj)idly from the ducts, and that 
the enlarged ends of the ducts may be 
less readily (dosed than normal ducts by 
the hardening of the gum at the outlets. 

^‘Another effe(»t exerted chiefly by 
strong acids is the destruction of the 
tender new cells in the growing region 
or cambium which lies between the wood 
and the bark. Over a period of several 
(lays the acid works up into this region 
and causes a splitting away of the bark 
from the wood, one-fourth to one-half 
inch above the wound. This ])rocess 
probably serves to tap new horizontal 
ducts, several hundred of which cross 
each s(piare inch of the cabmium. The 
solutions applied to the wound may also 
stimulate the pro(‘ess of gum manufac¬ 
ture in purely chemical ways, but the 
exact nature and relative importance of 
such eff(^cts are not yet known 

Prolongation of gum flow with acid 
treatment is very important from the 
standpoint of increased efficiency in tur¬ 
pentining operations. For instance, 
•treatment with sulphuri(*. acid results in 
50 to 100% .more gum during the first 
week. The treated streaks continue to 
yield above-normal quantities of gum 
during the second and third week after 
chipping. The gum yield for a two- 
week period is at least equal to the yield 
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from trees chipped twice without treat¬ 
ment during this time. Thus equal 
gum yields can be obtained with less 
labor. At the same time, when trees 
are chipped only every two weeks, the 
working life of a tree is increased. How¬ 
ever, the woodland owner also has the 
alternative of chipping and treating at 
biweekly intervals for the normal five- 
year period with expectations of regular 
gum yields, and because of the lower 
total face height he can have more clear 
bole for lumber i)roduction. 

Another recent advance in chipping 
technique was the discovery that when 
acid is used, removing only the bark 
down to the wood (bark chipping) will 
result in gum yields comparable to those 
from regular chipping where a half-inch 
.strip of wood is cut from the tree. This 
new method re({uires less exertion, ap¬ 
peals to laborers and is considerably 
easier to teach to inexperienced men 
than the old style of chipping. Bark 
chipping also leaves the butt of the tree 
in better condition for use as pulpwood, 
poles, ties or lumber. Since no deep 
incision is made into the wood, it is also 
possible that the tree will be maintained 
in a better physiological state for gum 
production when chipped over a period 
of years. 

Fungus Stimulation. Another ap¬ 
proach to increasing the efficiency of 
gum production in the woods was the 
discovery that the fungus Fusarium 
lateritium f. pinl prolongs the flow of 
gum from infected Avounds on several 
pine species (4, 17). When spore sus¬ 
pensions of this fungus are sprayed on 
freshly chipped faces of slash or long- 
leaf pines, gum continues to flow without 
rechipping or treatment for two to eight 
weeks. This looked like a good practical 
treatment, provided no damage to the 
tree or surrounding stand occurred. 
Studies on possible damage are under 
way. 

There is a catch, however, to the pos¬ 


sible practicality of a fungus method to 
prolong gum flow. The period of pro¬ 
longed gum flow is not so great after 
rechipping and reinoculating as it is 
after the first inoculation. Further 
work is being done to devise possible 
practical methods of putting this fungus 
to work in the turpentine woods. 

Selective Cupping. For many years 
turpentining took precedence over any 
other tree use in many sections. There 
are still many timber owners whose 
primary interest is in turpentining, and 
wood products from their lands are con¬ 
sidered of secondary importance. How¬ 
ever, the increased value of the trees for 
such products as pulpwood, sawlogs, 
ties, poles and piling, and ready market 
acce.ssibility have changed the relative 
importance of turpentining. Now the 
income from these other outlets some¬ 
times is considerably greater than the 
gum value. 

The old diameter-limit system of cup¬ 
ping, where all trees were tapped down 
to a definite diameter, precluded the 
production of higher value trees for 
lumber production or other uses. The 
turpentine face, or jumpbutt, was usu¬ 
ally cut and left in the woods, or com¬ 
manded only a small price for fire-wood. 
This system limits the useable cubic con¬ 
tent of wood removed after turpentining 
and also reduces the grade of the re¬ 
maining stems of the trees. Also, no 
provision is made for leaving a stand of 
high-quality trees properly spaced for 
future growth. An alternative system 
-^selective cupping (5)—will result in 
the maintenance of well-stocked stands 
and production of larger, more profit¬ 
able trees. 

Selective (uipping involves marking 
the trees which should come out of the 
stand ih the next cut, whether it be a 
thinning, a seed tree cutting or any 
other type of cutting based on the needs 
of the stand. Of the markec^ •'rees, 
those large enough are then turpen ined 
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before they are eut. As a rule, the best- 
quality timber trees are left to pfrow t > 
a larger size before they in turn are tur¬ 
pentined. By this method of selective 
cupping, turpentining is fitted into Its 
proper place in good forest management 
aimed at providing the maximum in¬ 
come per acre from gum and wootl 
products combined. 


High-Yielding Naval Stores Pines 

Another approach to better turpen- 
tining methods is through improvement 
ot the individual tree (6). As in any 
plant community, there are certain in¬ 
dividual trees in a stand that grow 
faster, are of better shape, possesss some 
disease resistance, or—in the case of tur¬ 
pentine trees—produce more gum. Thus 



7. Regular chipping one-half, inch into the tree and one-half inch high. 
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the same basic approach to any crop im- tion follows the discovery of suitable 
provement program also applies to im- propagation techniques. In this phase 
provements in trees used for both tur- of naval stores research, early results for 
pentining and timber growing. This field use will not be available. How¬ 
ls accomplished through selection and ever, the delay is not so long as may be 
breeding (2). The practical applica- supposed. 



FlO. 8. Bark chipping, with new acid spray gun hung on the end of a gutter, and"^a cup 
cover of acid-resistant material to. keep chips out of the gum. 
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Selection. Selection among trees in 
the natural forests for controlled breed¬ 
ing purposes will be quite generally 
practiced in forest research for a long 
time. At present selection among con¬ 
trolled breeding progeny in most forest- 
tree species is not possible because of 
lack of material. Tn the naval stores 
belt a start in selection has already been 
made, and a number of individuals have 
been found that yield two to two-and- 
one-half times as much gum as the aver¬ 
age tree of the same size growing under 
the same conditions (1). Others were 
also found that produce less than half 
the gum yield expected from average 
trees. Careful yield measurements on 
individual trees were necessary to estab¬ 
lish their relative gum-yielding level. 
Numerous other trees of the same diam¬ 
eter class were turpentined throughout 
a season along with the suspected high- 
yielders. No single or combined ex¬ 
ternal tree characteristics, or environ¬ 
mental factors, were found to set these 
superior trees apart. 

As time and manpower permit, further 
searches for high-yielding trees, or trees 
with other valuable characteristics such 
as good form or fast growth rate, will be 
undertaken. Aside from this continu¬ 
ing work, thmiext step in selection is a 
careful examination of progeny result¬ 
ing from controlled breeding work. It 
is expected that microchipping tech¬ 
niques will be developed to differentiate 
between trees of different yielding abili¬ 
ties while they are still small. 

Breeding. The complement of selec¬ 
tion is breeding. As pointed out "by 
Dorman (1) : “While yield capacity 
may be greatly increased through the 
selection and prox)agation of the best 
individuals which occur in nature, pro¬ 
gress in this direction is limited to the 
point beyond which no better trees exist 
in nature. Further increases in yield 
capacity can^be made only through con¬ 
trolled breeding’’. 


Some of the possible crosses have al¬ 
ready been made between three tree spe¬ 
cies—slash {P. caribbaea Morelet), long- 
leaf {P. palustris Mill.) and loblolly 
pines (P. Taeda L.)—and many of the 
possible breeding combinations between 
high, average and low-yielding slash 
pine trees. The first progeny of these 
crosses are now growing in field planta¬ 
tions, and when they attain sufficient 
size they will be tested to determine 
their relative gum-yield levels. The 
next steps would be the establishment 
of nurseries for a soTirce of propagation 
stock, and controlled breeding in the 
second generation. 

Propagation. Practical means of 
propagating select turpentining stock is 
essential to the program of forest-tree 
improvement. Vegetatively propagated 
strains of high yielders would initially 
serve three purposes: first, to establish 
“seed orchards” of select strains for 
natural seed production from high yield¬ 
ers ; second, to establish nurseries of 
these select strains for the production 
of cutting stock; and third, to perpetu¬ 
ate the clone in case of loss of the parent 
tree. 

Most pine species are difficult to prop¬ 
agate vegetatively, particularly when 
they approach maturity, though meth¬ 
ods have been found for some species 
(3). Cuttings of hard, or southern 
yellow, pines are particularly difficult 
to root. Only after numerous trials 
were some cuttings from older trees 
rooted. It was found that abundant 
sunlight and intermittent water spray 
were especially important, even though 
many known plant hormones and nutri¬ 
ents WTre also used. Since the war, 
work has been speeded up on develop¬ 
ment of vegetative propagation methods 
sufficiently simple and effective for 
large-scale use in commer'dial nurseries. 
Much remains to be do^^f/fcefdre prac¬ 
tical methods will be available. 

Turpentine Orchards. Tn the second- 
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growth stands of today the average 
number of trees per acre being turpen¬ 
tined is about 25; the range is from as 


few as 15 to as many as 80 trees per 
acre. A chipper usually handles 1,000 
trees per day, and actual time studies 
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have shown that about 65% of the chip- feasible, for there are approximately 

pers' and dippers^ time (11) is spent in 102,000 acres of hand-planted forests in 

walking from tree to tree, often through Florida alone. The walking distance in 

rough ground cover of sawpalmetto and a plantation would be about one-sixth 

gallberry brush. It is reasonable to ex- that now required, which in itself in- 

pect that if the trees were much closer creases the number of trees a chipper 

together, with a minimum of ground could handle. Dipping costs would also 
cover, the chippers would chip more be materially reduced, since the dipper 

trees each day and the dippers could would not have to lug a heavy dip 



Fio. 10. Selective marking of a timber stand is equivalent to selective cupping for turpen¬ 
tining. Trees marked with crosses are being cupped and will be removed in the next thinning. 


dip more gum, thus creating a more bucket so far from tree to tree. The 
efficient operation. dip wagon could go down the rows of 

It is believed that a high degree of, trees and be close to the man with a dip 
efficiency can be attained through the bucket full of gum. 
establishment of turpentine orchards of , Gum yields average about eight 

high-yielding strains of trees (1). With pounds of gum per tree for a season, 

a 12-by-12-foot spacing there would be which amounts to about 200 pounds per 
about 300 trees to the acre. This is in acre if 25 trees are worked. If we as- 

sharp contrast to the 25-tree average sume that about 250 out of the 300 trees 

now being worked. And plantations per acre in a plantation attain workable 
Ite recognized as being economically size at the same time, then the yields 
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Pig. 11. 


Controlled breeding in the top of a slash pine tree, 
should be about 2,000 pounds of gum per a “pedigreed” stock of high-yielding 


acre per year, ten times as much, strain producing twice the *yera^ 
PurthL, i/the plantation consisted of amount of gum per year, the | r-acre 
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yield theoretically would be around two pentine orchards of the future appears 
tons in contrast to the present 200- optimistic, since it will be at least 25 
pound yield per acre per year. years before this dream could be at- 

This picture of the possibilities of tur- tained in practice, but the potentialities 



Ejo. 12. A rooted cutting of slash pine four years after leaving the^propagating bed. 
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are still there. Yields in actual prac¬ 
tice, though much higher than at i)res- 
ent, will probably be lower than the 
quoted figure because optimum spacing 
might be much greater, with fewer trees 
X^er acre. The details of selection, 
breeding and propagation will have to 
be further y^erfected and made x)ra(‘ticHl 
before such per acre yields will be 
obtained. 

Equipment and Mechanization 

Mechanization has been the salvation 
of many an industry. Those of an agri¬ 
cultural nature are no exception. Jn 
most cases the need for mecdianization 
has arisen in industries requiring large 
amounts of hand labor. The naval 
stores iiidustr\ is still primarily de¬ 
pendent on hand labor in the woods 
( 10 ). 

Certain aspects of woods work in tur- 
jamtine operations lend themselves well 
to being mechanized. Current thought 
emphasizes using mechanical means for 
('hipping the tree, di])ping the gum and 
transportation of both the gum and labor. 
A common power source on a suitable 
self-x)ropelled vehicle, to combine all 
these (q)erations during one visit, seems 
within the i*ealm of possibility. In this 
way few visits to a tree would have to be 
made, each operation would be much 
more efficient and much less labor would 
be re(|uired. 

There are also many othei’ phases of 
woods work, though less spectacidar 
than a powered vehicle, where competent 
engineers ('ould work out valuable con¬ 
tributions to increased efficiency in gum 
extraction. Among these may be in¬ 
cluded such things as larger cups, special 
gutter systems, better chipx)ing tools, ef¬ 
ficient chemical spraying devices, time¬ 
saving dipping methods, and relatively 
more efficient and cheaper transporta¬ 
tion facilities. All of these factors are 
being considered in the mechanization 
studies in turpentining currently under 


way by the U. S. Forest fService in co¬ 
operation with the Engineering and In¬ 
dustrial Experiment Station of the Uni¬ 
versity of Florida. 

One difficult hurdle has been over¬ 
come in the development of an efficient 
spray gun. The use of chemical stimu¬ 
lants retpiires an acid-proof and shatter¬ 
proof acid applicator that can be op¬ 
erated by one hand. The adox)tion of 
chemical stimulation has \mm acceler¬ 
ated by the perfection of a very simi)le 
“s((ueeze gun'' made of flexible ydastic 
(12). Progress has also been made on a 
dual-purpose tool incorporating this 
new plasti<‘. s])ray gun in the handle of 
the hack used for chipi^ing. 

Future Possibilities 

The naval stores industry is again at 
anotlier crucial point in its history. A 
standard barrel of crude gum is now 
selling for about $24.00 at a local point, 
in contrast to an average of about $30.00 
for the 1947 season. This price reduc¬ 
tion 0 (‘curred in the face of continuing 
increases in the cost of materials and 
labor during the x>ast year. The indus¬ 
try's future program must follow sev¬ 
eral courses. Woods operations must be 
made much more efficient through adop¬ 
tion of modern turpentining practices. 
Portions of the woods operations may 
have to be mechanized to reduce costs. 
Tjand owners must also look to the future 
and integrate turpentining and sound 
forest management. This step will in¬ 
volve in some instances “high intensity" 
management with improved tree types 
utilized to the fullest extent. Turpen¬ 
tining can continue to pay dividends 
only if the results of modern research 
are put into practice. 
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Rutin. Many years ago a Hungarian 
biochemist, Albert Szent-Gyorgyi, observed 
certain medical benefits obtained by using 
extracts of citrus fruits and red peppers. 
The effective principal was not isolated or 
identified, but was named ‘Vitamin P” by 
Szent-Gyorgyi. Many years later two phy¬ 
sicians at the Medical School of the Uni¬ 
versity of Pennsylvania were interested in 
the weakened capillaries associated with 
high blood pressure, a condition that some¬ 
times results in brain or retinal hemorrhage. 
Capillary fragility was one ef the conditions 
alleviated by vitamin P, and certain chemical 
relationships between vitamin P and rutin, 
a compound widely distributed in the plant 
kingdom and known to scientists for mf>re 
than a century, impressed these investigators. 
Rutin was thereupon isolated in usable quan¬ 
tity from tobacco by chemists at the Eastern 
Regional Research Laboratory, Wyndmoor, 
Pa., a suburb of Philadelphia and was ef¬ 
fectively used by the physicians in restoring 
weakened capillaries to normal streng(i|. 
Tl>us t very close similarity if not actual 
idan^jity between vitamin P and rutin 
^stabli^pd. 


With a resultant demand for the drug a 
few pharmaceutical manufacturers began to 
produce the material, but it soon became ap¬ 
parent that tobacco was too costly as a raw 
material. After testing all potential plant 
sources for their rutin content, Dr. J. F. 
Couch and his associates at the Regional 
Laboratory found buckwheat to be the most 
suitable for commercial production of the 
drug. One dollar^s worth of it, in terms 
of rutin yield, were found equivalent to $125 
worth of tobacco leaf. 

Of the several known types and species of 
buckwheat. Tartary buckwheat has been 
found to be the best. 50,000 acres of it will 
be needed to meet the demand for rutin. 
“At least 15 pharmaceutical companies are 
now producing rutin in quantity, and a still 
larger number are processing rutin into dos- 
' age forms, principally tablets^ for sale 
through the djug stores on physicians^ pre¬ 
scriptions. In addition, rutin is now being 
prepared in England, France, Holland and 
China and possibly also in Sweden and 
Denmark”. (J. ,F. Couch, Crops <it Soils, 
June-July, 1949). 



Fiber Flax in Oregon^ 

Russia, Poland and the Baltic countries account for 
about 90% of the world’s production of fiber dax, and 
prior to 1940,90% of the raw fiber used in the United 
States was imported from Europe. Today domestic 
production in the Willamette Valley of Oregon rep¬ 
resents a $3 million dollar industry. 

DONALD W. FISHLER* 


Introduction 

Linen, the cherished fabric of elegance 
through the ages, is coveted by many, 
but few are acquainted with its raw 
material—fiber flax. 

Fiber flax is one of the oldest plant 
textiles known to man. The ancient 
Egyptians possessed the knowledge of 
weaving fine linen, and the Bible makes 
frequent mention of the use of linen 
among the Hebrews who regarded it as 
symbolic of purity and cleanliness. Flax 
was one of the earliest crops planted 
by the colonists in North America, and 
it continued to be one of the leading 
fiber crops until the invention of the 
cotton gin in 1793 which cheapened the 
processing of cotton to such an extent 
that cotton superseded flax as a source 
of fiber in the United States. Linen, 
however, never lost its appeal to the 
American housewife. Even today im¬ 
ported manufactured linen goods repre¬ 
sent a value of over 35 million dollars 

Published as Technical Paper No. 561 with 
the approval of the Director of the Oregon 
Agricultural Experiment Station. Contribution 
of the Department of Farm Crops. Photos by 
Jjeonard Delano Studio. 

'■! Agent in the Division of Cotton and Other 
Fiber Crops and Diseases, BPISAE, U. 8. De¬ 
partment of Agriculture. Fiber flax investi¬ 
gations are carried on under a cooperative 
agreement between the Bureau of Plant Indus¬ 
try, Soils, and Agricultural Engineering, U. 8. 
Dopartment of Agrieulture and the Oregon 
Agricultural Experiment Station, Corvallis, 
Oregon. 


annually, and during the years just 
prior to World War II the annual im¬ 
ports of raw flax into the United States 
ranged from 1,300 to 6,500 tons. 

There are two types of flax. One. 
known as “seed flax,” is grown prima¬ 
rily for its oil-bearing seed and produces 
as a by-product a harsh brittle fiber not 
suitable for economical spinning. This 
type is short growing and produces 
many branches which are conducive to 
high seed yield. The other type, fiber 
flax, is grown primarily for its long spin- 
nable fiber but produces seed as an im¬ 
portant by-product. The fiber varieties 
are taller growing than the seed-type 
varieties and produce small branches 
near the top of the plant. This article 
deals with the production and processing 
of fiber flax in Oregon. 

History 

The production of fiber flax in Oregon 
is over a century old. In 1844 Mr. J. B. 
Kirkwood raised flax near Tualatin, Ore¬ 
gon. The seed for this planting had 
been carried across the plains during the 
early period of settlement of the Oregon 
country. In 1876 flax fiber produced 
in Oregon and exhibited at the Philadel¬ 
phia Exposition won the Bronze medal 
and Certificate of Merit for its outstand • 
ing quality. Oregon fiber was then rec¬ 
ognized for the first time as lacing of 
superior, quality. Subsequent to this 
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recognition, many attempts were made 
to establish the flax industry in Oregon, 
but little progress was made. 

Agricultural and climatic limitations 
were not the reasons for the slow devel¬ 
opment of the Oregon industry; it was 
due rather to inadequate leadership and 
to the difficulty of raising capital for 
building processing facilities. 

The people of Oregon are indebted to 
their State legislature for actually pro¬ 
viding impulse to the industry. In 1915 
this body appropriated $50,000 for the 
establishment of a flax-processing plant 
at the State penitentiary. The main 
purpose of the appropriation was to en¬ 
courage, foster and support the Oregon 
flax industry and also to provide labor 
for the inmates which would be of a 
non-competitive nature. Leaders of Ore¬ 
gon agriculture encouraged the legisla¬ 
ture to make this initial appropriation, 
hoping that it would serve as a stimu¬ 
lant for the building of a new industry. 
Today it is recognized that this original 
appropriation served as a nucleus from 
which the industry has grown. The 
penitentiary plant is still in operation, 
furnishing employment for the inmates 
and at the same time providing farmers 
in the surrounding areas with a suitable 
market for their flax. Because of the 
bulkiness of flax plants it is not eco¬ 
nomically feasible to transport tonnages 
over great distances. It was apparent, 
therefore, that the penitentiary plant 
could serve as a market only to small 
nearby areas. Many feared that legal 
barriers might prohibit the sale of Bber 
which had been partly processed with 
prison labor and thus destroy a poten¬ 
tially great industry before private capi¬ 
tal became interested. 

In 1936, through the assistance of the 
Worls;B Progress Administration, and un¬ 
der the sponsorship of the State of 0^^- • 
three flax-processing mills were c^- 
in the Willamette Valley. The 


mill operators found a ready demand for 
their fiber. 

Approximately 90 per cent of the raw 
fiax fiber used in the United States had 
been imported from European countries 
prior to 1940. Curing that year the 
German war machine rolled across 
Prance and the Low Countries, and the 
Allies no longer had access to these im¬ 
portant raw fiber supplies. Excluding 
Russia, the Axis Powers then controlled 
99 per cent of.the world’s flax-growing 
areas. This conquest gave the small Ore¬ 
gon industry a chance to expand and to 
demonstrate again that fiber of the high¬ 
est quality could be produced in that 
State. 

In 1940 and 1941 four additional mills 
were built with private capital. In 1942 
the strategic importance of flax in the 
war effort was fully realized. Fortu¬ 
nately the State of Oregon had laid the 
foundation on which the industry could 
grow. The United States needed a 
strong, non-elastic, rot-resistant fiber for 
parachute webbing and shoe thread. 
Linen fire hose which would not deteri¬ 
orate under adverse conditions was in 
demand. The fishing industry, an es¬ 
sential part of our economic life, re¬ 
quired strong and durable nets that 
would not stretch under heavy loads. 
The Oregon flax growers and processors 
responded by producing a fiber for these 
specialty articles that stood the most 
exacting tests. 

Aware of the acute fiber shortage, our 
government encouraged the production 
of flax in Peru and other countries in 
the early years of World War II and 
urged still greater production in Ore¬ 
gon. In 1942 four modern flax-process¬ 
ing mills were constructed, and finally 
in 1943, through the financial assistance 
of the Defense Plant Corporation, two 
additional mills were built. All proc¬ 
essing mills are located in the Willa¬ 
mette Valley and represent an industry 
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which is now valued at $3,000,000. At 
1948 prices a cash outlay of approxi¬ 
mately $225,000 is required to construct 
and equip a flax mill capable of han¬ 
dling 2,000 tons of flax straw annually. 

Oregon produces 98 per cent of the 
total fiber flax grown in the United 
States, which is a very small part of the 
total AVorld output. Russia, Poland and 
the Baltic countries account for 85 to 
90 per cent of the world ^s production. 
Contrary to common belief, Ireland 
grows and processes only a small part 
of the fiber used in the material manu¬ 
factured there, being dependent on con¬ 
tinental Europe for 90 per cent of her 
raw fiber consumption. Oregon and 
Washington have every necessary nat¬ 
ural facility for raising the crop, and 
there are over 500,000 acres suitable for 
flax production in Oregon alone. 

Growing Flax 

The growing and processing of fiber 
flax entail several operations which are 
fundamentally the same today as they 
were 5,000 years ago. It is commonly 
thought among Europeans that the abil¬ 
ity to produce and process flax is heredi¬ 
tary. Certainly heredity played no part 
in the development and expansion of 
the Oregon industry during the past 
decade. Fortunately agronomic experi¬ 
ments had been conducted at the Oregon 
Agricultural Experiment Station for 
many years previous to the industry’s 
war-time expansion. Consequently Ore¬ 
gon farmers, who are good cooperators 
with the State Extension Service, soon 
learned of the more important phases of 
flax production. They are careful to 
plant their flax early in March and not 
later than mid-April. During this 
period Oregon experiences a cool moist 
climate which is most beneficial for both 
qu|ility and quantity production of fiber 
flax. If planted later during the dry 
warm season, the flax is usually stunted, 


and often a harsh fiber of poor spinning 
quality results. 

The producer strives to select a fertile 
well-drained soil which is free of noxious 
weeds. Weeds are especially undesir¬ 
able because they are difficult to remove 
from the fiber. Through the advance 
of control by selective sprays the farmer 
is now able to destroy many of the here¬ 
tofore troublesome weeds and at the 
same time to avoid injury to the tender 
flax plant. Spraying, if necessary, takes 
place when the flax is three to four 
inches tall. When the spray is applied 
properly, the weeds which are more sus¬ 
ceptible to the chemicals die and the 
more resistant flax plants continue to 
live. The crop usually reaches its maxi¬ 
mum growth about June 15, at which 
time the pretty blue and white flowers 
appear. The plant often reaches a height 
of 40 inches. Yields vary from one to 
four tons of cured unthreshed flax per 
acre. Each flower accounts for one boll 
which may contain as many as ten small 
brown seeds. When about half the seeds 
are ripe the grower is aware that it is 
time to harvest. Harvesting normally 
occurs about July 15. 

Harvesting 

The crop is harvested by an especially 
designed machine which pulls the entire 
plant up by the roots. The reason for 
pulling and not cutting is to harvest all 
the fiber which extends through the stem 
into the root. Long fibers are most de¬ 
sirable in the spinning operation. The 
pullers are equipped with binding at¬ 
tachments which tie the flax plants into 
bundles of suitable size. Flax-pulling 
machines were first introduced into for¬ 
eign countries, but the ingenuity of the 
American engineer has resulted in new 
developments and designs whioji have 
simplified flax harvesting and which 
have entirely eliminated the laborious 
hand pulling operation in Orelb/*. In 




^ 4 

(Upper), Drying flax straw byj^kmg each harvested bundle separately in wig- 
vjfu faj^n. . r 

]pick 2 (Lower). Machine pulling and tiding of flax in the Willamette Valleyi Oregon. 
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many flax-growing areas in Europe, rain 
at harvest time often damages the crop. 
Oregon, however, is usually fortunate 
in having favorable weather during this 
period. 

Flax must be harvested at the proper 
time in order to obtain a strong fiber. 
Harvesting when overripe results in an 
inferior product. After pulling, the 
bundles are placed in shocks to cure and 
dry. The farmer then loads the bun¬ 
dles and delivers them to the processing 
mill. Hauling large loads enables him 
to minimize the cost per ton, but he is 
looking forward to the time when less 
hand labor will be required for this la¬ 
borious operation. After unloading the 
bundles in one of the large storage sheds 
at the processing mill, the farmer’s work 
with the crop is finished. The responsi¬ 
bility of converting the flax into spin- 
nable fiber rests with the mill operator. 

Processing 

Deseeding. The first phase in the 
processing of flax at the mill is deseed¬ 
ing. Because of the rapidity with which 
the flax is delivered to the mill, it is 
necessary to store most of it before de¬ 
seeding. Especially* built machines re¬ 
move the seeds without tangling or 
damaging the stems. The bands of the 
bundles are cut and spread so that a 
thin layer of plants is passed through 
the deseeding machine. Common types 
have a revolving comb that removes the 
seed bolls without breaking the stems. 
Thj^ seed is then separated from the bolls 
by ja stationary cleaner. When the seed 
and bolls have been removed the stems 
are left in a straight untangled condi- 
tiop and are re-tied into bundles and 
held by two separate bands to prevent 
tangling and to facilitate handling in 
the next operation—retting. 

Jletting. Retting means '^rotting.” 
ITwo layers of deseeded flax bundles are 
u^ced in an upright position in large 


concrete vats. After the vat has been 
filled with straw" a timber grid is locked 
over the bundles to prevent them from 
floating w"hen the water enters the tank. 
Ordinary water without addition of 
chemicals is suitable for retting. The 
water is heated by steam to a tempera¬ 
ture of 85 to 90 degrees Fahrenheit, 
W"hich is optimum for the growth of ret¬ 
ting organisms, and this temperature is 
maintained throughout the ret. Bac¬ 
teria which are naturally present on the 
straw cause the encrusting substances 
to deteriorate, thereby loosening and 
separating the individaual fiber bundles 
from the inner woody portion of the 
straw. Retting is merely another ex¬ 
ample of the decomposition of vegetable 
organic matter by micro-organisms. The 
retting period usually lasts from four 
to eight days, depending on the type of 
straw and the temperature maintained. 
The straw is examined periodically while 
the ret is in progress to determine the 
exact time to drain the retting liquor 
and stop the retting action. If the 
straw remains in the water for too long 
a period it becomes over-retted. This 
means that the fiber bundles may break 
down into ultimate fiber cells and the 
commercial strands of fiber cells will be 
weakened. When this happens, strength, 
one of the finest qualities of linen, is 
destroyed. On the other hand, if the 
ret is stopped prematurely, it will be 
difficult to remove the inner woody core 
of the stems from the fiber because of 
the adhesive nature of the remaining 
incrustant materials. Stopping the ret 
at the proper time is very important and 
requires both skill and experience. The 
person in charge of retting can usually 
determine the so-called end point of the 
ret by making physical examination of 
the straw to npte the ease with^ which 
the fiber slips off the woody core, and 
by closely observing the appearinc^ of 
the individual fibers as they s|i atate. 
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Fio. 3 (^Upper), rinish^ fl%x fibei^ (left) and incoming flax, 
^10. 4 {Lower). Delivering dry ‘ flax straw to a processing mill. 
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When the ret is judged completed, the 
retting liquor is drained and fresh cold 
water is allowed to enter the tank to 
rinse impurities from the straw and to 
stop the retting action. The rinse water 
is then drained and the bundles allowed 


vorable for drying only during the sum¬ 
mer months, which is the reason w^hy 
the retting is during this period. 

When the straw has been thoroughly 
dried, it is re-tied and placed in storage 
until winter, when it is scutched. There 



Fig. 5. Retting tanks, in which the flax fiber is separated from the other tissues of the 
straw by bacterial action. This process must be carefully controlled, and the man pictured is 
testing the straw by breaking it to determine whether the ‘‘end pointhas been reached, that 
is, the point where the surrounding tissues have rotted sufficiently to permit other processing 


in the mill but where the fibers themselves hav 

to dry for a period of ten or twelve hours 
in order to facilitate the handling of the 
wet straw. The wet soggy bundles as 
removed from the tanks are loaded on 
trucks or wagons and moved to a dry- 
ijig field where they are individually 
set up in wigwam fashion for faster 
drying. The climate in Oregon is fa- 


not yet been attacked. 

has been very little artificial drying of 
flax straw in Oregon. The practical 
experienced flax man believes it is pos¬ 
sible to dry artificially and not destroy 
any of the inherent good qualities of the 
fiber. ■ Natural drying is the method 
commonly practiced in Europe where 
hand labor is more abundant *han in 





Fia,'6 {Upper), Deseeding, the first (^ration at the processing mill, before retting. 
^loyi (Lower), Scutching, the third oj^ration, by which the woody material of the straw 
is btOken away from the fibers. This operation is facilitated by the previous retting. 
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the United States. Artificial drying?, 
where practiced in Europe, eliminates 
the seasonal operation of flax processing 
by permitting the retting operation to 
continue throughout the year. This may 
mean lower production costs and it does 
result in a more rapid turnover of the 
capital invested. Persons interested in 
the flax industry are looking forward 
to the development and commercial 
adaptation of a successful artificial 
drier. 

Scutching. This operation, which is 
the process by which the woody material 
of the straw is broken away from the 
fibers, is usually carried on in Oregon 
during the rainy winter months. Dur¬ 
ing this period the straw has a higher 
moisture content, which adds flexibility 
to the fiber so that there is less breakage 
and loss of long fibers in scutching. In 
the scutching operation, the bundles of 
stems are opened and spread into a 
“rug” or “mat” which feeds into a 
gripping device. This device holds the 
straw securely while it passes through 
a series of fluted rollers which break 
the woody core into small sections called 
“shives.” The broken flax, while held 
in the same gripping device, passes 
through a long drum containing rotat¬ 
ing blades which scrape and beat the 
shives out from the fiber. Workmen col¬ 
lect the fiber, now known as “line fiber”, 
as it reaches the discharge end of the 
machine into small bundles known as 
“hanks”. The shives are blown into a 
storage room where they are kept until 
the next retting season when they are 
used as fuel to heat the retting water. 
Short broken lengths of fiber or tangled 
fibers which may have been pulled from 
the gripping device by the action of 
the beaters are called “tow”. It is col¬ 
lected at the bottom of the scutcher and 
fed directly into a tow-cleaning unit 
which removes adhering shives and other 
foreign material. Oregon line fiber is 


suitable for use in manufacturing linens, 
high-grade yarns and cordage. Tow is 
used in less expensive linens and in 
lower-grade yarns. It is also used in 
the manufacture of “flax” rugs. 

Hackling. The last operation at the 
processing mill is hand hackling. This 
consists of pulling the hanks of line fiber 
over a set of sharp steel pins in order to 
remove any remaining foreign material, 



Fia. 8. Line fiber as it comes; from tlie 
scutching machine. 
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short lengths of fiber, and to remove any 
entanglements. It partly subdivides the 
fiber strands, but fine hackling is per¬ 
formed in a spinning mill. The hand 
hackling results in a more uniform and 
attractive appearing commodity. The 
short fiber lengths removed in hackling 
are called pullings’’ in Oregon. The 
long line fiber is graded and then neatly 
baled for shipping to the spinner. Since 
there are only two flax-line spinning 
mills in Oregon, it is necessary to ship 
most of the fiber to Eastern mills. The 
following table gives the approximate 
percentage yield of various flax prod¬ 
ucts, based on the pulled, cured, un¬ 
threshed flax delivered by farmers: 


Product 

Percentage 

Dressed scutched fiber 

7.0 

Pullings fiber 

.5 

Tow fiber 

■5.0 

Seed 

17.0 

Chaff—bolls 

15.5 

Shives » 

41.0 

Retting loss 

14.0 

Total 



Economics 

The Oregon fiber flax industry ex¬ 
panded during the last war and is now 
forced to compete with foreign produc¬ 
ers. During the Nazi occupation, a 
large amount of fiber was hoarded in 
western Europe, some of which was later 
sold in the United States to obtain much 
needed American dollars. The release 
of this large stockpile of European fiber 
had an adverse effect on the price ^of 
Oregon fiber immediately following the 
war. The increasing cost of processing 
coupled with foreign competition has 
forced three of the Oregon processing 
mills out of business and three others 
to close temporarily. 

The adverse effects of the sudden sale 
of surplus European flax fiber at the 
close of the war were alleviated to some 
^extent by a federal price support pro¬ 


gram for all fiber flax produced in Ore¬ 
gon prior to 1947. The purpose of this 
assistance was to help the processors 
become adjusted to peace time produc¬ 
tion. Additional federal support has 
been sought in order to allow the indus¬ 
try time to further adjust itself to for¬ 
eign competition. 

The remaining seven mills are deter¬ 
mined to continue operating if at all 
possible. They propose to do this by 
improving the quality of their fiber and 
hy further mechanizing their operations. 
They are cognizant of the fact that many 
American industries would not be in 
existence today if obsolete hand process¬ 
ing methods had not been eliminated. 
The Oregon flax processor is appre¬ 
ciative of the research program con¬ 
ducted in Oregon by the United States 
Department of Agriculture in coopera¬ 
tion with the Oregon Agricultural Ex¬ 
periment Station. A new and superior 
fiber variety named ‘‘Cascade”, re¬ 
leased in 1945 by the Department ot* 
Agriculture, has given most encour¬ 
aging results at home and abroad. 
Research in the mechanization of proc¬ 
essing initiated in 1938 at the Oregon 
State Agricultural Experiment Station 
has aided the industry in reducing proc¬ 
essing costs. It is not unreasonable to 
expect the development of more efficient 
labor-saving machines that will benefit 
the infant industry. Hand-labor opera¬ 
tions are so numerous in the flax indus¬ 
try that it might properly be termed ‘ ‘ a 
research engineer’s paradise”. 

The Oregon flax producer is hopeful 
that a spinning and weaving mill will 
be established on the West Coast which 
would consume a larger part of his pro¬ 
duction. 

Progress in the establishment of. 
grades for Oregon flax fiber is being 
made, and it may soon be possible for 
spinners to buy fiber by grades denoting 
greater use value. This is of major im¬ 
portance in the development of better 
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markets. The sale of Oregon fiber has and no signifieance was attached to fiber 
always been handicapped by an inade- strength, fineness and spinning proper- 
(juate grading system established when ties. Spinners recognize Oregon fiber 
the industry was very young. The grad- for its inherent qualities but dislike the 
ing method placed emphasis on length, Oregon grading system, since they are 
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compelled to sort the fiber within the 
various lengths in order to obtain the 
particular types suited to their needs. 
Often they have had to resell types for 
which they had no use. During the war 
when the demand for fiber was so great, 
a seller’s market existed and efforts to 
establish grade standards for Oregon 
fiber were of little interest. The indus¬ 
try is now feeling the bad effects of the 
poor standards created during the war. 

Since fiber flax is a non-surplus crop 
it is particularly valuable to Oregon 
farmers and fits well into the rotation 
o£ their agrieiUtural-progr-am/ 


Utilization 

Carob. The carob (Cerntonia Siliqua) 
is an evergreen tree native to the eastern 
shores of the Mediterranean where for cen¬ 
turies its pods have been an important form 
of animal feed. Sicily, Cyprus, Malta, 
Crete, the southern half of Sardinia and the 
Adriatic coast of Italy in the vicinity of 
Bari have been the chief producing regions, 
and from 1901 through 1930 an annual av¬ 
erage of nearly 44,500 tons, valued at about 
$920,000 were exported from the Island of 
Cyprus alone. In 1854 this species was in¬ 
troduced into the United States by the II, S. 
Patent Office, and in 1859 some 8,000 plants 
were distributed. For many years the carob 
has been in very common use as an evergreen 
shade tree bordering streets and boulevards 
in all California towns where frost is not too 
severe, and many fine specimens are to be 
seen. 

The planting of this tree on semi-arid 
areas in the West, as a means of erosj^n 
control and land reclamation^, especially 
where irrigation for other crops is impracti¬ 
cal, is now being urged by Dr. Walter Rit- 
tenhouse of San Diego, California, who has 
provided funds for a small demonstration 
carob orchard to be managed in cooperation 
with the University of California and the 
Soil Conservation Service. 

V{hi\e any commercial plantings of carob ^ 
in California should be based on soil con- 


Each processing mill has an annual 
payroll of approximately $80,000 which 
benefits the farming communities in 
which they are located. Many people 
feel that this genuine rural industry 
should be preserved, not only because 
it is important to our national economy 
but also because it might again be use¬ 
ful in the event of another emergency. 

Possessing a background of “know 
how” and with the greatest confidence 
in progress through research, the Ore¬ 
gon flax processors are determined to 
supply an elite fiber for the manufac¬ 
ture of domestic linen products. 


Abstracts 

servation and domestic animal food, there 
are many other uses which, if properly pro¬ 
moted, may result in additional and perhaps 
substantial values. Various food products 
have been manufactured on a small scale in 
California from imported carob pods, includ¬ 
ing carob flour, carob syrup and a break¬ 
fast food. In addition, the seeds can be 
developed as a source of manogalactan gum 
which is now being manufactured in Europe 
from Mediterranean grown seeds and used 
in ice cream, salad dressings, pie fillings, 
French dressings, cosmetics, pharmaceuti¬ 
cals, detergents, matches, water emulsion 
paints, inks, shoe polish, insecticides and 
mucilage. (J. E. Coit, Carob Culture in the 
Semi-arid Southwest. 15 pp. Rittenhouse, 
San Diego, 1949,) 

Papaya. Carica monoica, a close rela¬ 
tive of the papaya ( C. papaya ), differs from 
the latter in producing a fruit that is inedible 
when fresh but which resembles stewed 
peaches or apricots when cooked with sugar 
and a little lemon or lime. In Peru, where 
it is native, it is known as ‘*col d'e montana” 
and as ^^papaycta”, and its leaves are highly 
prized as a vegetable but used in this ca¬ 
pacity apparently only very locally. It has 
been recommended as a promising new fruit 
and vegetable for the United States Com 
Belt. (C. F. Swingle, Proc, Am, Soc, Hort. 
Sci, 49: 137, 1947.) 



The Essential Oil of Pectis Papposa 

This oil, produced by a heavily scented herbaceous 
plant of the American Southwest and northern 
Mexico, is rich in cumaldehyde and carvone, and is 
therefore a potential commercial source of these fra¬ 
grant aldehydes, now obtained from cumin, caraway 
and dill seed oils and used in Savoring food and bever¬ 
ages. 

C. E. BRADLEY and A. J. HAAGEN-*SMIT 

California Institute of Technology 


General Characteristics of the Plant 

The genus Pectis was founded in 1758 
by Linnaeus to embrace two West Indies 
species (3). Approximately 50 species 
of the genus are native to North Amer¬ 
ica, twelve of them common to the south¬ 
western States. They are, in general, 
rather low branching, mostly heavily 
scented herbs, distributed from New 
Mexico to Sonora at altitudes varying 
from sea level to 4,000 feet in a range 
similar to that of Larrea trident at a, the 
creosote bush. 

Pectis papposa Gray, commonly 
known as chinch weed, is an attractive 
plant up to ten inches in height with 
bright yellow flowers and dark green 
foliage. When crushed the leaves give 
off a pleasant fragrance, and where 
growth is extensive its perfume is no¬ 
ticeable for considerable distances. Be¬ 
cause of this pronounced fragrance the 
species papposa and angustifolia were 
used by the Indians of the Southwest 
for flavoring their foods and by the 
Indian women as a perfume. They also 
obtained dye from the plant. 

The oil glands of P. papposa are lo¬ 
cated at the margin of the leaves and 
can be readily seen with the naked eye. 
When the gland walls are broken the 
leaf assumes a serrated effect on the 
margin, hence the name Pectis (Greek to 


comb). It is interesting to note that as 
soon as the two cotyledons appear on 
germination of the seed, they arc 
equipped with these tiny oil glands. 

Seed is produced very abundantly in 
the form of pointed rods approximately 
5.0 mm in length by 0.5 mm in width. 
On maturing the plant deposits a car¬ 
pet of seed on the ground ready to ger- 
m i n a t e when sufficient moisture is 
present and minimum night tempera¬ 
tures are around 70 degrees P. It 
flourishes with maximum temperatures 
as high as 120 degrees P., maturing un¬ 
der favorable conditions in four to six 
weeks. 

The fresh seed has low germinating 
power but after storage for a few months 
germinates very well. Our experiments 
indicate that the oil secreted by the 
plant has an inhibiting effect on germin¬ 
ation. 

Pectis papposa is equipped with a 
strong tap root and laterals for utiliz¬ 
ing any moisture available in times of 
stress. In common with most desert 
plants, its mineral content is high, the 
ash running around 10% of the dried 
plant. 

The essential oil content of two spe¬ 
cies of Pectis have been reported in re¬ 
cent literature. Presh plants of P. 
Texana (1) yielded 0.72% oil, 48% of 
407 ^ 
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which was thymol. Similar plants of 
P. elongata (2) gave 0.216% of oil 
which was 60% citral. As will be noted, 
the three species, Texana, elongata and 
papposa^ yield oils of widely different 
compositions. 

Experimental 

Collection and Distillation. The 

plants of Pectis papposa from which 
the oil for this study was obtained were 
collected in Coachella Valley, California, 
and South Gila Valley, Arizona. Fields 
of raw desert sand which had been wet¬ 
ted by rain or irrigated supplied an 
excellent crop of the plant, quarter 
acre patches yielding at the rate of ap¬ 
proximately three tons per acre green 
weight. Several collections ivere made 
over a period of two years, totaling 
about 300 pounds of green plant. The 
date, location and yield of oil of the 
various samples are shown in Table 1. 

It will be noted that the percentage 
of oil in samples T and II is consider¬ 
ably higher than that of V and VI, 
though the moisture content and con¬ 
ditions of growth are similar. This is 
due to the different methods employed 
in handling the plants preparatory to 
distillation. Numbers 1 and II were dis¬ 
tilled in the field immediately after 
collection, approximating commercial 
methods and avoiding loss of oil by 
volatilization during transportation to 
the still. Samples V and VI were trans¬ 


ported in bags by car about 150 miles 
when temperatures in some cases were 
around 100 degrees F. and with dis¬ 
tillation necessarily delayed. Sample 
IV was collected when the plants had 
been mature for some time and had lost 
a portion of their leaves. It is obvi¬ 
ously not a normal sample and was. 
characterized by a low yield of oil with 
a sharper odor in contrast with the oil 
from other collections. 

A ten-gallon tin-lined still with steam 
inlet under a false bottom and con¬ 
nected with a glass (‘ondenser was used 
for recovering the oil from the plant. 
In a current of live steam, around two 
hours were required to exhaust a ten- 
to twelve-pound sample. The hisli 
plants yielded a pal^ yellow oil. That 
from over-mature material was a little 
darker. The oil tends to darken on ex¬ 
posure to light and was therefore stored 
in a dark cool place previous to frac¬ 
tionation. 

Fractionation. The results obtained 
by fractionating the oils from samples 
I, II, III, V and Vr and the constants 
obtained on analysis of these fractions 
are recorded in Table 11. These are 
averages of results from individual 
fractionations of the different collec¬ 
tions, the constants of the correspond¬ 
ing fractions not showing much varia¬ 
tion. A Cenco high vacuum pump was 
used for the high boiling fractions. 

Terpenes. Fraction I, Table II, has 


TABLE I 


Sample number 

I 

II 

' III 

IV 

V 

Vl 

Date collected 

June 

June 

October 

Dec. 

July 

Aug. 


1947 

1947 

1947 

1947 

1948 

1948 

Location 

S.Gila 

Arizona 

Coachella 

Coacliella 

Coachella 

Coachella 

Coachella 

Moisture % 

68. 

75. 

60. 

20. 

72. 

74. 

Oil % by wt. 
green, plant 

0.60 

0.44 

0.45 

O.-^O 

0.35 

0.35 

Oil % by wt. 
dry plant 

1.87 

1.76 

1.12 

0.50 

0.90 

1.00 
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a characteristic terpene odor, and its 
constants closely approach those of beta 
pinene. The optical rotation, however, 
is dextro, while that of beta pinene is 
ordinarily laevo. There are, however, a 
few exceptions to this rule (6). 

A portion of fraction I was purified 
with Girard reagent (9), dried over 
metallic sodium and distilled at atmos¬ 
phere. This purified terpene had an 
optical rotation of minus 6.9°, showing 
that impurities were responsible for the 
positive rotation. On redistillation, a 
small amount, about 2% of the purified 
terpene, came over at 156° C, indicat¬ 
ing presence of alpha pinene. Approxi¬ 
mately 50% of the terpene distilled at 
168°-169° C, and the remainder at 
171°-172° C. The odor of these frac¬ 
tions was characteristic of beta pinene. 
The physical constants of the 168°- 
169° C b.p. fraction were as follow^s: 
density 0.863, refractive index 1.4720, 
specific rotation -6.7°. 

A portion of the terpene was oxi¬ 
dized with alkaline potassium perman¬ 
ganate (8), the sodium salt obtained 
acidified with dilute IICl and the solu¬ 


tion extracted with ether. On drying 
the ether solution, characteristic long 
needle-shape crystals of nopinic acid 
were obtained, in.p. 126°-127° C. These 
did not depress the m.p. of pure no¬ 
pinic acid, and the presence of beta 
pinene was thus established in the Fectis 
oil. 

Carene. The constants of A'* carene 
lie close to those of beta pinene. The 
nitrosate test made on a portion of the 
purified terpene gave negative results, 
however, indicating absence of ca¬ 
rene. 

Benzaldehyde. Qualitative tests on 
the terpene fraction I showed that an 
alcohol solution of 2-4 dinitrophenylhy- 
drazine gave a yellowish crystalline 
precipitate. The recrystallized precipi¬ 
tate had a m.p. of 235°-236° C. In 
order to identify the unknown material 
in this fraction, the water phase of the 
Girard reagent obtained in the purifi¬ 
cation of the terpene was acidified with 
IICI, extracted wdth ether, the ether 
washed with NaQCOs, water, and dis¬ 
tilled under diminished pressure. A 
brownish oily residue was obtained 


TABLE II 

Physical Constants and Characteristics or Pectis Oil and Its Fractions 






Den¬ 

sity 

Index 

Distillation 

Spe- 




Frac- 

Grams 

Color 

Odor 

refrac- 

range 

cific 

rota- 

C 

H 

Active 

tion 


25 

b.p. 


tion 

% 

% 

H 





^ 4 

press 

r . 25 







^ D 

deg. C 

mm. 





Original 












Oil 

100.0 

pale 

yellow 

cuniald. 

0.930 

1.4992 



-M6.3 




I 

31.0 

clear 

terp. 

0.864 

1.4748 

68°-71‘‘ 

20. 

+ 8.5 

86.25 

11.30 

0.0 

II 

30.0 

pale 

cumald. 

0.972 

1.5167 

65"-70“ 

0.1 

+ 12.0 

80.50 

8.88 

0.0 



yellow 










III 

28.5 

yellow 

cumald. 

0.973 

1.5187 

720^770 

0.1 

+ 11.7 

80.31 

9.55 

0.0 

IV 

2.5 

reddish 

sharp 

cumald. 

0.970 

1.5190 

88'’-100^ 

0.1 


80.77 

10.07 


Residue 

8.0 

red 

aro¬ 












matic 









Total 

100.0 
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which had the characteristic odor of 
benzaldehyde. The m.p. of benzalde- 
hyde 2-4 dinitrophenylhydrazone is 
235°-237° C, agreeing with that of the 
hydrazone obtained from the terpene 
fraction I. This hydrazone did not de¬ 
press the m.p. of the benzaldehyde 2-4 
dinitrophenylhydrazone but did depress 
the m.p. of the corresponding cumalde- 
hyde compound quite markedly. These 
tests indicate that benzaldehyde is pres¬ 
ent in Pectis oil to approximately 1%. 

Cumaldehyde. The odor of the orig¬ 
inal oil and of fractions II and III, 
Table IT, is characteristic of cumalde¬ 
hyde. The other physical properties of 
these fractions, however, do not corre¬ 
spond to those for pure cumaldehyde, 
the density and refractive index being 
lower and the optical rotation plus 12 
degrees, while cumaldehyde is inactive. 
Furthermore, the 2-4 dinitrophenylhy- 
drazones of these fractions depress the 
m.p. of pure cumaldehyde 2-4 dinitro¬ 
phenylhydrazone. 

A saturated water solution of sodium 
bisulfite, NaHSOa, gives a heavy pre¬ 
cipitate with these fractions (5). Mak¬ 
ing this precipitate alkaline with NaOH, 
and steam distilling, yields a colorless 
oil having physical constants as follows: 
density 0.974 and a 2-4 dinitrophenylhy¬ 
drazone with m.p. 243° C from alcohol 
solution. This did not depress the m.p. 
of cumaldehyde 2-4 dinitrophenylhy¬ 
drazone. 

When fractions II and III are shaken 
with a saturated water solution of nor¬ 
mal sodium sulfite, Na 2 S 03 , 20% of the 
oil goes into solution, leaving 80% un¬ 
reacted. Redistilling this residual oil 
yields a colorless oil with physical con¬ 
stants: density 0.973^^ refractive index 
1.5270*®. Constants for cumaldehyde 
are: density 0.973*®, refractive index 
1.5280*®. 


A portion of fraction III was mois¬ 
tened with a 30% solution of hydrogen 
peroxide and exposed to the air for sev¬ 
eral days. Characteristic crystals of 
cuminic acid developed, m.p. 117° C. 
These results identify the presence of 
cumaldehyde in Pectis oil in amounts 
equivalent to 46.8% of the original oil. 

Carvone. As has been noted, the high 
boiling Pectis oil fractions react with a 
saturated water solution of normal so¬ 
dium sulfite, 20 per cent of the oil go¬ 
ing into the water phase and 80 per 
cent remaining unreacted. Cumalde¬ 
hyde was identified in this residual oil. 

By making the Na 2 S 03 solution of 
the ketone alkaline with NaOH and dis¬ 
tilling with steam, a small quantity of 
a pale greenish yellow oil was obtained. 
It is established that the ketone is not 
recoverable quantitatively from this so¬ 
lution. This oil had the characteristic 
odor of carvone. *Its refractive index 
was 1.5020*®. The refractive index of 
carvone is 1.4980*®. A 2-4 dinitro¬ 
phenylhydrazone was obtained from this 
oil having an m.p. of 190°, the same as 
that of the carvone hydrazone. The 
mixed m.p. did hot depress the m.p. 
of the carvone hydrazone, thus identi¬ 
fying the presence of carvone in Pectis 
oil to the amount of 20% on the high 
boiling fractions equivalent to 11.7% of 
the original oil, based on the absorption 
test with the normal sulfite solution. 

In the reaction of the ketone with 
the normal sufite, alkali is released. 
Experiments have shown that the 
amount of alkali released, as measured 
by a standard aci4, can be used in es¬ 
timating the amount of aldehyde or 
ketone present (7). The presence of 
cumaldehyde* in this fraction having al¬ 
ready been established, an experiment 
was carried out on a known mixture of 
two thirds cumaldehyde and one third 
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earvone, determining the amount of 
standard acid required to neutralize the 
alkali liberated. The experiment was 
conducted at room temperature, using 
phenolphthalein as an indicator and al¬ 
lowing to stand over night. The un¬ 
reacted oil was recovered with ether and 
amounted to 92% of the cumaldehyde 
taken' The reaction with cumaldehyde 
is thus shown to be very slow, while 
earvone reacts quite rapidly. 

Sadtler (7) has shown that two mole¬ 
cules of earvone liberate alkali equiva¬ 
lent to one molecule of IICl. On this 
basis the acid required to neutralize the 
alkali liberated by the Pedis oil ketone 
was found to be equivalent to 18% of 
earvone in the high boiling fraction. 
This approximates the amount, 20%, of 
the ketone found by direct absorption. 

A further check on the composition 
of fractions II and III was made by 
comparing the theoretical density, re¬ 
fractive index and optical rotation cal¬ 
culated on the basis of 80% cumalde¬ 
hyde and 20% earvone with those con¬ 
stants found by analysis as follows: 


Density 

Refractive index 
Optical rotation 


calc. 0.97P" 

found 0.971^^ 
calc. 1.5217"" 

found 1.5187"’ 
calc. 12.6° 
found 12.0° 


Identification of earvone in the pres¬ 
ence of cumaldehyde by the hydrogen 
sulfide method of Wallach (4) was un¬ 
successful, since cumaldehyde also re¬ 
acts with H 2 S in an alkaline medium 
giving an amorphous bulky precipitate 
unlike the crystalline product obtained 
from earvone. 

Chromatographic Identification. In 

order to determine whether the 2-4 di- 
nitrophenylhydrazones of the original 
Pedis oil could be separated and iden¬ 


tified chromatographically, a solution of 
these hydrazones in a mixture of ben¬ 
zene and ligroin was absorbed on a 
column of silicic acid and ‘‘Cellite’’. 
Zones having the m.p. of cumaldehyde 
and earvone dinitrophenylhydrazones 
were obtained, but the benzaldehyde 
zone did not develop, probably because 
of its low concentration in the mixture. 

Pectis Seed and Production 

Like cumin seed condiment, Pedis 
seed imparts the spicy flavor of cum¬ 
aldehyde, due to the presence of this 
oil in the fruit. The seed of P. papposa 
is much smaller than that of cumin but 
is produced in large quantities. Weight 
measurements indicate that a good crop 
of Pedis would yield up to 150 pounds 
of seed per acre. 

Experiments are being made on grow¬ 
ing Pectis papposa in the South Gila 
Valley, Arizona. No difficulty has been 
experienced in germinating the seed, 
but control of weeds is a problem in 
cultivated fields, and Pedis is not very 
weed-resistant. If a satisfactory crop 
could be produced, yielding 25 pounds 
oil per acre, the crop could be har¬ 
vested and the oil recovered by meth¬ 
ods established for harvesting pepper¬ 
mint, with a minimum amount of hand 
labor. The oil would probably be eval¬ 
uated on its cumaldehyde and earvone 
content and applied where they are 
utilized. 

Resume 

Pedis papposa is found native over 
large areas of the Southwest, yielding 
in some cases, based on quarter acre 
pieces, at the rate of three tons green 
weight per acre. Yields of 0.40% to 
0.60% of oil on the green plant basis 
have been obtained by steam distilla¬ 
tion. 

Constituents identified in the 6il and 
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their approximate percentages are the 
following: 


Beta pinene 

Alpha pinene 

Cumaldehyde 

Benzaldehyde 

Carvone 

Esters 

Acids 

Alcohols 


% 

27.0 

2.0 

47.0 

1.0 

12.0 

Small amount 
Small amount 
None 


The percentage of cumaldehyde in 
Pedis oil is approximately the same as 
in cumin oil, and Pedis oil and caraway 
are unique in containing both cumalde¬ 
hyde and carvone. 
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Utilization Abstract 


Rice Hulls. Texas is now the nation^s 
largest rice-growing State, with an annual 
crop of some 24 million bushels. The rice 
hulls from this State together with those 
from mills in Arkansas, Louisiana and Cali¬ 
fornia amount to about 300,000 tons annu¬ 
ally, and their utilization has long been a 
problem; most of them have heretofore been 
burned near the mills for want of a better 
way to dispose of them. Now, however, 
^Turfural, acetone, glue-spreader, abrasives, 
extenders of plastics, art panels, wallboard, 
insulation materials, an ingredient of grime- 
removing soaps, filler for cement and other 
composition building blocks, swooping com¬ 
pounds, an edible oil from rice b :an and sev¬ 
eral other chemical materials are beginning 
to attract the interest of processors as well 
as powers of rice”. 


While some progress has been made in 
using Texas rice hulls as an ingredient of ce¬ 
ment building blocks, all the other phases of 
utilization are still in the experimental stage, 
and the Western Regional Research Labora¬ 
tory in Albany, California, is pursuing work 
in this direction. 

Rice bran contains about 20% oil which 
has not yet found an outlet, while the bran 
itself and rice polish find ready markets 
ranging at times from $40 to $80 per ton. 
It is the hulls which so far have little outlet, 
though they have been used successfully by 
the Quaker Oats Company at Memphis, 
Tennessee, as a source of furfural. Oat hulls 
have long beenr the principal source of this 
chemical, and more recently cottonseed hulls 
have been utilized for the same purpose. 
(From Texas Chemurgic News, as condensed 
in Chemurgic Digest, 8(2): 12, 1949), 



Problems Associated With the Procurement 
of Plant Products From the American Tropics 

Industrial utilization of the vast wild vegetable re- 
sources of Latin America involves much more than 
the solution of technological problems. More dif¬ 
ficult, at times, are the problems of labor, politics, 
transportation, native apathy and climate. 

ROBERT W. SCHERY 
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Introduction 

It was impressed (luite abruptly upon 
some of us enga<?ed in procurement of 
vital materials from the American trop¬ 
ics durin" the recent war, how inex¬ 
perienced and even naive were some of 
the United States^ foremost business 
leaders when it came to dealing with 
tropical products and Latin peoples. To 
a man behind a desk in Washington, 
accustomed to procuring standard items 
in standardized temperate zone markets, 
it well might seem that increased pro¬ 
curement and production are directly 
geared to dependable otfering price. 
In the United States a purchase offer 
well in excess of standard market prices 
would normally be sufficient to stimu¬ 
late flow to the would-be purcihaser, and 
the producer would find ways and 
means to facilitate and increase produc¬ 
tion, perhaps at the expense of other 
products, simply because it would thus 
become the most profitable thing to do. 
In the tropics, however, various com¬ 
plicating factors seldom permit such 
a simple cause-and-effect relationship, 
and in extreme cases rise of price be¬ 
yond a certain optimum may actually 
depress production. In the subsequent 
paragraphs some of the many factors 


that must be weighed in initiating pro¬ 
curement of wild vegetable products 
from the American tropics are briefly 
discussed. 

Transportation 

One of the most serious difficulties to 
be overcome in exploiting wild tropical 
American plants is the inadecjuacy of 
transportation. Extensive stands of 
almost any economically important wild 
plant, with the exception of coconut, 
mangrove and a few others, are today 
distant from formalized lanes of trans¬ 
portation, often remote in the hinter¬ 
land where no dependable transporta¬ 
tion whatsoever is available. Most strik¬ 
ing in this respect are the vast interior 
of Brazil and the Andean countries on 
their eastern slopes. Areas of small ex¬ 
tent, such as Darien province of Pan¬ 
ama, Peten district of Guatemala, the 
interior of Honduras, and, in fact, the 
whole central mountain core of Cen¬ 
tral America, also present formidable 
obstacles. Each of these localities, 
abounding in plants useful to man, are 
many days , or even weeks distant in 
both time and effort from marketing or 
manufacturing centers, and in the im¬ 
mense interior of South America remote 
in mileage as well. 
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Through much of tropical America 
occur geographical and climatic barriers 
more severe than those typical of tem¬ 
perate North America, with either or 
both incentive and means for surmount¬ 
ing these barriers lacking. Coastal 
areas are frequently bordered by treach¬ 
erous bogs and impenetrable mangrove 
tidal swamps, with shallows and off¬ 
shore bars further hindering access from 
the sea. Inland occur terrains more 
adaptable to ordinary transportation, 
but on the Caribbean slopes of Central 
America and the north shore of South 
America heavy rain and encroaching 
jungle make establishment and mainte¬ 
nance difficult and expensive. In north¬ 
eastern and eastern South America 
shifting sand, seasonal rains and semi- 
arid climate limiting the ' population 
make economical upkeep of hand- 
graded roads difficult. In the Amazon 
valley seasonal flooding and marshy 
lowlands combine with unmastered for¬ 
est to make most overland transporta¬ 
tion impossible. North-south mountains 
in South and Central America, with 
unmanageable slopes and few divides, 
limit east-west transportation linkage 
throughout tropical America. 

Thus in a machine age inhabitants of 
the tropics still move and ship by means 
old centuries ago. Rain-forest areas 
depend almost solely upon rivers as 
their arteries of communication, and the 
entire Amazon valley, a continent within 
a continent, relies exclusively upon an¬ 
cient packets and inefficient wood-burn¬ 
ing steamers to run the larger streams. 
Beyond this, small launches and finally 
dugout canoes carry supplies to and 
remove produce from the distant iso¬ 
lated settlements. No wonder that weeks 
elapse and prices soar as merchandise 
traverses the thousands of miles of 
muddy water from Belem at the mouth 
of the Amazon to the upper reaches of 
this gigantic stream system in Colombia, 


Peru and middle Brazil. No econom¬ 
ical and, with the exception of aircraft, 
no effective transportation has con¬ 
quered the north-south mountains. An¬ 
dean countries rely upon human run¬ 
ners of Indian ancestry or occasional 
llama trains to traverse the towering 
mountains. It is found cheaper to 
transport products from Amazonian to 
Pacific-slope Peru via the Amazon river, 
Caribbean Sea, Panama Canal and Pa¬ 
cific Ocean, a distance of thousands of 
miles, than over the Andes, a few hun¬ 
dred miles. In eastern Brazil only a 
few unkept roads, impassable to mod¬ 
ern cars, connect the populated coastal 
belt with the Sao Francisco valley, and 
beyond that not even this much exists. 
Transportation must be along the fre¬ 
quently seasonal rivers or overland by 
mule or on foot. During the dry sea¬ 
son even mule passage becomes impos¬ 
sible for lack of forage enroute. For 
short distances, not more than a few 
hundred miles, slow and generally dirty 
wood-burning railroads are available, 
the most efficient transportation in the 
Canal Zone, at intervals along the coast 
of South America, and in Costa Rica 
and other Central American countries. 
Tropical America on the whole remains 
dreadfully inadequate in transportation, 
relying to this day upon human car¬ 
riers, beast-of-burden and very scattered 
water, rail or truck transportation to 
bring expensively to market the wealth 
of hinterland plant products. This sit¬ 
uation is perhaps the greatest single ob¬ 
stacle inhibiting successful exploitation 
of the lush tropical vegetation. 

Organizations exploiting large con¬ 
cessions or opening new areas for ex¬ 
ploitation in tropical America are faced 
with establishing their own microcosm 
of a transportation network. Even 
then, when the many human and cli¬ 
matic considerations yet to be discussed 
have been taken into account and pro- 
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vision for adequate capital made, irri¬ 
tating difficulties and delays are apt to 
come, up because of no reliable informa¬ 
tion concerning the terrain. Existing 
maps are usually partly or wholly of 
guesswork, with elevations, soil or rock 
types, river courses, etc. frequently in¬ 
accurate or not considered. Outfits 
opening concessions in the tropics ordi¬ 
narily must map and survey before in¬ 
telligent planning for local transporta¬ 
tion becomes possible. All of this even¬ 
tually adds up to higher costs. 

Maintenance 

Maintenance of equipment in the 
tropics is a more serious concern than 
for temperate regions. Two aspects of 
maintenance become apparent: a) phys¬ 
ical breakdown under climates condu¬ 
cive to deterioration and in regions de¬ 
ficient in mechanical facilities; b) the 
securing and keeping of competent 
maintenance crews or supervision. 

In the former case it is apparent that 
the warm humid climates generally pre¬ 
vailing in the tropics ac'centuate rusting, 
molding, etc. on equipment manufac¬ 
tured in and designed for temperate 
climates. Moreover, much of the equip¬ 
ment must be put to overly severe use, 
due to poor roads, seasonal hurry-up, 
unavailability of replacements and con¬ 
stant unforeseen demand for work for 
which the equipment was not specifically 
designed. With the typical lack of re¬ 
pair facilities, high-quality parts, high- 
grade fuels and skilled operators, it is 
no wonder at all that the average life 
of any piece of equipment may be but 
a fraction of its working life under tem¬ 
perate conditions for which it is de¬ 
signed. The life of a jeep may be less 
than 15,000 miles, and heavy equipment 
may survive only a few rainy seasons. 

The second aspect, that of mainte¬ 
nance, largely influences the first. 
Skilled and imaginative mechanics can 


easily double the working life normal to 
most equipment operative under trop¬ 
ical conditions. I haA^e seen 1929 Fords 
15 years old, literally pieced together 
with baling wire and locally-fashioned 
parts, make 3,000 mile trips through 
eastern Brazil over ‘ ‘ roads impassable 
to any modern car. On the other hand, 
new motor vehicles have remained 
stalled for protracted periods and have 
even been ruined under Avater because 
the operator possessed no mechanical 
background of as simple a nature as 
understanding battery and carbureter 
connections. The difficulty in the trop¬ 
ics is in finding sufficient personnel with 
mechanical understanding, interest and 
skill. In the United States almost every¬ 
one has been associated to a greater or 
lesser degree with mechanical devices 
and automobiles since childhood, and 
understands the basic principles upon 
Avhich these devices are constructed. On 
the other hand, the great majority of 
Latin Americans have never been able 
to afford mechanical equipment, and 
those wealthy enough to possess it look 
askance at soiling their hands over its 
upkeep. By and large their interests 
lie more in polities and the arts than 
in scieme and engineering. The result 
is a paucity of trained and experienced 
mechanics among Latin peoples, and 
consequent deficient upkeep of equip¬ 
ment. If United States mechanics or 
supervisors are brought to the tropics, 
not only must their wages be consider¬ 
ably higher than in the U. S. A., but 
their stay is apt to be very transitory 
and their attitude toward Latin condi¬ 
tions unsympathetic. Causes of dissat¬ 
isfaction will be reviewed in a later 
paragraph. 

Supplies 

In most parts of tropical America 
adequate supplies by United States 
standards are non-existent. Ci^mmon 
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medicinals, if available at all, may sell 
for many times their value at the corner 
drugstore in the IT. S. A. Repair parts 
for mechanical equipment are available 
only in the larger centers. Over much 
of the region life exists on a self-sus¬ 
taining basis, with reliance on the out¬ 
side only for such necessities as guns 
and ammunition, machetes, cloth and 
occasional foods or tools. There are 
many interior villages in Central and 
South America where nothing can be 
purchased, not even local foods. Food 
supply is often deficient because grow¬ 
ing of crops is largely by laborious 
hand methods. No large-scale or me¬ 
chanical farming methods exist to per¬ 
mit abundant production 4t lowered 
costs. Quality food remains scarce and 
expensive. Tn the upper reaches of the 
Amazon waterway basic supplies from 
the outside eventually reach the out¬ 
posts of civilization, but selection is 
very limited and costs usually prohibi¬ 
tive for the average laborer or rubber 
tapper of the region. Most jungle in¬ 
habitants must rely for food upon wild 
game plus what they can grow. They 
work with make-shift equipment and 
live in the humblest of housing. Ob¬ 
viously no trained North American, ac¬ 
customed to the ways of the U. S. A., 
will be content to stay for protracted 
periods in primitive areas such as these. 
Nor will educated citizens of the coun¬ 
try in question find it profitable to do 
so. Consequently the quality of super¬ 
vision so sadly needed for efficient ex¬ 
ploitation in backwards localities''be¬ 
comes unavailable because lack of sup¬ 
plies does not allow for adequate stand- 
ard-of-living. Tn order to keep trained 
personnel satisfied and equipment prop¬ 
erly serviced, organizations operative in 
the tropics have ordinarily to maintain 
their own supply and fuel depots, hous¬ 
ing projects, medical service and even 
‘^qountry clubs. With permanent or 


elaborate undertakings it may frequently 
be necessary to construct sanitation sys¬ 
tems, water purification plants, ice 
houses, tooling plants, etc. Seldom are 
such subsidiary projects self-sustaining, 
and the added overhead must be fur¬ 
ther taken into account in the cost of 
the product being exploited. 

Seasonal Operation 

Tn many parts of Latin America sea¬ 
sonal cycles make it impossible to ex¬ 
tract products of the forest during parts 
of the year. Rubber, Brazil nuts, ma¬ 
hogany and various other woods cannot 
be reached during flood stage in the 
Amazon valley. Commerce in vegetable 
products comes almost to a standstill 
for a few months of the year. In east¬ 
ern Brazil gathering of secondary lat- 
ices ceases during the dry season, due 
to insufficient yields and injury to the 
plants, while commerce in palm wax 
gives poor yields in times of abundant 
rainfall. Gathering of chicle for chew¬ 
ing gum in the Yucatan area can pro¬ 
ceed only during a part of the year, 
while various logging operations demand 
seasonal river floodings to float logs to 
market. Many roads become impassable 
during the rainy season. These factors 
tend to make production difficult and 
delivery uncertain. Seldom can a prod¬ 
uct be held over in tropical climates 
without deterioration if transportation 
becomes disrupted by seasonal change. 
A shortened productive season throws 
added burden on the productive months 
to average out annual costs. Equip¬ 
ment is more severely used, seasonal 
labor must be sought and overhead sus¬ 
tained during the non-productive sea¬ 
son. Of course, maintenance and sup¬ 
ply problenis are thus further aggra¬ 
vated. 

Operational History 

Exploitation of the natural vegeta¬ 
tion of Latin America has been prac- 
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ticed for centuries. Quebracho for 
tannin has long come from Paraguayan 
forests, rubber from wild trees of many 
genera and species throughout Central 
and South America, mahogany and 
other woods from tropical American 
forests, haematoxylon and Brazilwood 
dyes from many lowland regions, qui¬ 
nine from Andean countries, balsa from 
Pacific South America and Central 
America, kapok, chicle, several resins 
(copal), etc, from various parts of the 
American tropics. The history of ex¬ 
ploitation is in each case the same— 
one of taking all available material 
wherever it could be reached, with little 
or no thought for future supply. As 
a result, high-quality logs, rubber trees, 
tannin sources or whatnot have been 
eliminated in populated and actcessible 
localities. Remaining stands are distant 
in the hinterland—inaccessible, of un¬ 
known extent, a considerable commer¬ 
cial risk. Year by year this situation 
becomes more aggravated resulting in 
added burden upon transportation, 
maintenance and supply to effect collec¬ 
tion from wild sources. 

Equally disturbing is the persistent 
practice of selective removal of wild 
plants from the diverse forest areas of 
the tropics. Mahogany or rubber or 
chicle may occur naturally with a fre¬ 
quency of perhaps one tree per acre. 
Few mahogany, rubber or chicle trees 
can be found today in relatively ac¬ 
cessible forests where exploitation has 
been carried on many years. During 
the history of exploitation of the Amer¬ 
ican tropics it has always been the prac¬ 
tice to remove or kill in tapping only 
the finest species and the finest trees of 
that species. Consequently these valu¬ 
able types are at a disadvantage for re¬ 
producing themselves. No sooner is a 
fine specimen removed than a jungle of 
less desirable types, not felled nor in¬ 
hibited, closes in to usurp the habitat. 


Within the species desirable high- 
yielding specimens have been persist¬ 
ently tapped, and thus a significant 
percentage of them killed, or have been 
selected for cutting, leaving poorer in¬ 
dividuals to reproduce the kind. Jequie 
manicoba (rubber) in Baia, Brazil, of¬ 
fers an excellent example of this type 
of worsening in the stand. The fre¬ 
quency of poor-yielding trees noticeably 
increased with only three years of heavy 
tapping. With exploitation involving 
removal of trees, culls and valueless 
types are left to hold the area where 
otherwise robust individuals of desir¬ 
able types might be growing. Logging 
in Central America well illustrates this 
type of stand deterioration. For such 
reasons species have decreased in qual¬ 
ity as well as quantity over tropical 
America as a whole, a situation, how¬ 
ever, by no means limited to the tropics. 

Another facet of exploitation refiected 
in increased cost is the tremendous 
wastage involved with tropical plants. 
An entire tree may be sacrificed to 
yield a few fruits, a few cupfuls of 
latex or one or two high-quality logs. 
In lumbering in isolated forest areas of 
South America, for example, fine trunks 
of expensive cabinet woods are hand- 
trimmed to a square shape, during 
which operation all sapwood and as 
much as one-third of the heartwood, to 
say nothing of tops and branches, are 
lost as chips and slash. If squared logs 
are to be sawed, two laborers in a sawpit, 
one above, the other below the log, tedi¬ 
ously produce a plank or two per day 
and nearly as much sawdust with a 
tw^o-man buck saw. Thus, unless an 
efficiently organized production com¬ 
pany can control operations to the very 
source, and supply supervision in the 
remotest parts of a concession, exces¬ 
sive wastage of the resources becomes in¬ 
evitable. The greater the wastage the 
sooner will supplies be exhaustei^ and 
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the sooner transportation or other per¬ 
manent improvements will have to be 
written-off as capital loss. 

A final word on operational history 
might stress the ingrained habit of 
seemingly all uneducated tropical peo¬ 
ples of burning-over the landscapes. 
Wherever a prolonged dry season makes 
forest or grassland dry enough to sus¬ 
tain fire, fire is invariably set year after 
year. The result is, of course, injury to 
soil and standing plants, inhibition of 
proper reproduction, elimination of 
game, and favoring of those species with 
thick enough bark or resistant enough 
seeds to withstand fire. In Minas 
Geraes, Brazil, during the dry season, 
there is a persistent haze often as dark 
as United States industrial smogs’’ 
over the entire State for days on end. 
And in the thin marginal forests of the 
State, gnarled thick-barked trees, dec¬ 
ades old but no larger than one’s arm, 
attest the effectiveness of the annual 
burning. To control annual burning, 
reason and Federal law alike are of no 
avail; only competent supervision can 
stop the practice. Fortunately, over 
most of the tropics, rainforest never be¬ 
comes sufficiently dry to kindle. 

Diversity in Tropical Vegetation 

In contrast to temperate forests with 
few and very abundant dominant spe¬ 
cies, tropical forests generally contain 
hundreds if not thousands of kinds of 
plants in a frequency seldom greater 
than one or two per acre. Marginal 
forests and grasslands behave mor^>as 
do temperate climate plant populations 
in this respect. If tropical forests are 
to be exploited for one or few plant 
products only, as has traditionally been 
the practice, immense tracts are neces¬ 
sary to maintain adequate supply. 
Quite obviously there are then further 
d^ands on transportation and maint<f- 
nap.ce. This inherent difference between 


tropical and temperate forests is often 
not realized by North American pro¬ 
ducers. In lumbering, for example, it 
becomes easily possible in the south¬ 
eastern U. S. A. to reap from a mod¬ 
erate acreage commercial quantities of 
southern yellow pine with practically 
no other species. In the Amazon valley 
the same at^reage might give scores of 
species, none in commercial volumes, 
many of them unknown on the market 
and unsalable if harvested. The same 
would be true of gathering nuts, fruits, 
medieinals, latex, resins, tannins, etc,, 
etc. Costs of extraction, involving, as 
one item, road opening, m\ist therefore 
be carefully weighed against volume 
procurable in tropical forests, and for 
greatest economy effort must be made 
to find uses for and acceptance of a 
wide variety of arborescent types. 

Vegetational Resource Evaluation 

Most of tropical America is poorly 
known botanically. Hundreds of new 
species await discovery, particularly in 
the Amazon country, and thousands 
more await critical evaluation. Only 
Guatemala, Costa Rica and Panama 
have been, or are in the process of be¬ 
ing, critically reviewed floristically in 
modern times. Relationships between 
Central American and South American 
species are extremely uncertain. A 
comprehensive knowledge of the trop¬ 
ical flora is still many years away. 
Equally untouched are ecological studies 
and concomittant records of species fre¬ 
quency, habitats and rates of growth. 
Factors governing regeneration of indi¬ 
vidual species are largely unanalyzed. 
.Studies on plant diseases, soil develop¬ 
ment and climatic influence are all still 
in their infancy. This paucity of bo¬ 
tanical information, coupled with large 
unexplored areas, inaccurate maps and 
dubious or contradictory local informa¬ 
tion, makes accurate planning of large- 
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scale long-term exploitation of wild 
plants impossible, unless first there is 
conducted an expensive preliminary 
survey. As a result, most ventures by 
sound established organizations in the 
American tropics have relied upon well- 
known cultivated exotics as the basic 
crop—bananas, coffee, sisal, abaca, cacao, 
etc. Where native wild plants are uti¬ 
lized they typically reach market from 
isolated sources through general ex¬ 
porters who have no control over and 
often no knowledge of production. 

Tradition of Exploitation 

For so long have the American trop¬ 
ics been wrested of their vegetational 
wealth with no regard for the future, 
that practically no spirit of conservation 
rests with the people. Mention has al¬ 
ready been made of several specific mal¬ 
practices. More alarming is the general 
disregard for conservation. Steep hill¬ 
sides are denuded, watershed cover 
wantonly destroyed, .species reduced to 
near extinction, with seldom a voice 
raised in protest. Any outside organi¬ 
zation interested in controlled exploita¬ 
tion of the tropics can expect in its own 
interest and that of the country in 
which it is operative, to have to enforce 
even elementary conservation practices 
upon local employees. 

Capital and Credit Difficulties 

Operations in the American tropics 
financed by United States interests are 
little concerned with capital and credit 
problems in the Latin American coun¬ 
tries. Yet small producers operative 
within the tropical countries may find 
capital hard to obtain and interest rates 
high. Financing is such in many locali¬ 
ties that bank interest on savings may 
draw as high as 10% interest. Away 
from the relatively few cities financing 
may be so primitive that “grubstaking” 
by certain merchants with payment in 


produce is the accepted procedure 
among the illiterate populations dwell¬ 
ing there. Financing conditions are 
perhaps analogous to those of the United, 
States a century ago. 

Paucity of Manufacture 

In most of tropical America man¬ 
ufacturing is non-existant. What little 
there is is in most countries definitely 
inferior to and usually more expensive 
than that of the U. S. A. or Europe. 
As a result there exists general depen¬ 
dence for manufactured goods and ul¬ 
timate markets for products of the wild 
upon distant temperate zone cities. 
Long transportation hauls and much 
handling become necessary, with added 
cost to both articles purchased and pro¬ 
duce sold. Uncertainty of supply also 
freciuently occurs, particularly in times 
of emergency, as prevailed during the 
recent war. Lack of local manufactiire, 
of course, has a bearing upon problems 
of supply and maintenance. 

Labor 

Among human and political factors 
affecting production from wild plant 
sources in Latin America, labor is cer¬ 
tainly of moment. In long-settled lo¬ 
calities—the coastal regions of South 
America, the Canal Zone, the “meseta 
central” of Costa Rica, Salvador and 
the more healthful parts of northern 
Central America, most of the West In¬ 
dies—labor is available in quantity. On 
the other hand, in the Amazon and 
Guiana wildernesses and in other areas 
already mentioned as deficient in trans¬ 
portation, quantity of labor for con¬ 
certed conquering of the jungle is lack¬ 
ing. And production of any native re¬ 
source from these areas is only as good 
as the tapper, axeman or collector who 
today haphazardly gathers marketable 
vegetable produce in order to secure 
modest supplies from the small ixiterior 
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exporter. On the whole, labor must be 
regarded deficient in tropical America, 
the areas of deficiency correlating with 
areas insufficient in transportation, sup¬ 
plies, etc. Where populations are abun¬ 
dant, wild plants of value have largely 
been eliminated. One of the greatest 
difficulties in securing large and con¬ 
stant amounts of strategic materials 
from the wild during the last war was 
the problem of getting labor in large 
quantity into remote locations, and of 
maintaining the workers there. Cer¬ 
tainly from the standpoint of availabil¬ 
ity, labor resources over most of Latin 
America cannot compete with those of 
the Far Bast. 

By and large, New World tropical 
labor is not dependable. The pace of 
life is slow, and a tradition of laxity 
and absenteeism exists. What matter 
if a construction project takes months 
instead of weeks! Tomorrow is always 
another day. Moreover, seldom does a 
week pass without at least one or two 
excuses for a holiday, if nothing more 
than in honor of a patron saint or in 
deference to the death of a distant rela¬ 
tive. Many national holidays are cele¬ 
brated twice or more times, as, for ex¬ 
ample, on the eventful day itself and 
again on the day the news of the hap¬ 
pening reached local districts. In wil¬ 
derness regions, such as interior South 
America, frequent holidays even become 
a necessity for securing game, con¬ 
structing dwellings, fetching supplies. 

In any country of Latin America a 
commitment is not to be taken too s^eri- 
ously. An appointment for eight 
o’clock likely means ten, or even the 
next day, and an agreement to work 
may or may not result in appearance 
of the worker. Amount of work is cali¬ 
brated to necessities for existence: if 
five dollars per week is necessary to 
survival, just so many days work as is 
required to obtain five dollars will be 


undertaken—no more. One of the most 
fantastic episodes of war-time dealings 
in South America showed U. S. A. union 
wages offered to native workers for cer¬ 
tain construction work, several times 
the average wage in the locality. The 
result was wholesale abandonment of 
customary employment, to work for the 
U. S. A.—one day a week and loaf five. 
There was during the short interval 
that this policy was in effect an unman¬ 
ageable turn-over of workers, the gar¬ 
nering of carloads of ill-will from local 
employers, and the IT. S. A. agency it-^ 
self made the laughing stock of the 
workers. It was certainly not the road 
towards gaining Latin American good 
will for the U. S. A. My personal ex¬ 
perience in Brazil showed repeatedly 
that for maximum production a wage 
scale equal to or slightly better than 
that for any other activity must be 
maintained to lure workers to the field, 
but that anything beyond such an op¬ 
timum will result in increased oppor¬ 
tunity to loaf, a factor of considerable 
significance where labor is scarce.' With 
“ambition” in the United States’ sense 
usually absent in the workers, the tradi¬ 
tional system of myriads of middlemen 
‘ ‘ exporters ’ ’ exploiting the ignorant 
forest ‘ inhabitant to the utmost has 
probably been the most efficient for 
quantity production of wild vegetable 
materials. Tropical American unskilled 
labor typically lives in poverty and has 
learned through generations to expect 
nothing more. Yet this labor cannot be 
“driven,” as reportedly can African 
labor; it must be made to “want to 
work”, albeit often by force of necessity. 

Manual skill of the average tropical 
American laborer is said to be inferior to 
that of the Far East, about equal to that 
of Africa. It is difficult to teach exact¬ 
ing procedures, and impossible to alter 
traditional practices. “What was good 
enough for gran’pappy is good enough 
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for is the typical outlook. Appeal 
by reason for improved practice is of 
no avail. Since adequate supervision is 
usually impossible in extraction of wild 
products, there is little hope for im¬ 
provement of methods. Yet these same 
traits of stubbornness and tenacity often 
are reflected in considerable loyalty to 
an employer in favor. Many are the 
cases where higher wages have been of 
less decisiveness than compatability of 
employer in determining acceptance of 
employment. And if a sincere desire 
to do the job exists, troi)ical American 
labor can be as industrious for short 
periods as that in any other region of 
the world. 

Unskilled labor costs are not great in 
comparison with United States stand¬ 
ards, but arc considerably higher than 
those for Africa or the Par East. In 
pre-war tropical America daily wages 
ran from as little as a few cents to a 
high seldom over one dollar. Very local¬ 
ized areas, such as oil developments in 
Venezuela, may have wages well above 
the usual. During the war years a typ¬ 
ical wage in interior Brazil did not ex¬ 
ceed twenty-five cents per day. Organi¬ 
zation of labor has not as yet become 
general in Latin America, so that union¬ 
ism is seldom a factor demanding con¬ 
sideration. Certainly in the unpopu¬ 
lated areas where wild plant products 
are typically gathered, labor organiza¬ 
tion is an impossibility. Skilled labor 
through much of tropical America is 
extremely scarce. Most of the popula¬ 
tion has little or no educational oppor¬ 
tunity and away from the few large 
cities remains illiterate, subject to many 
superstitions, rumors and unsound prac¬ 
tices. The absence of a conspicuous 
^‘middle class” Results in a wealthy 
educated minority, unwilling to soil 
their hands, and a poor uneducated ma¬ 
jority without possibility for gaining 
experience in skills. Pew mechanics or 


machine operators are obtainable from 
native populations. 

Except with domestic help there is 
seldom assumed any responsibility for 
housing or keep of labor. Yet a pro¬ 
gressive concern intent upon exploiting 
the richness of remote tropical America 
would have to consider this problem as 
well as those of transportation and 
ecpiipment. Por prolonged operations 
no labor can be kept without family. 
To keep laborer and family reasonably 
efficient and content, housing, commis¬ 
saries and perhaps even medical service 
become necessary, the same as is neces¬ 
sary on plantations. As a rule these 
need not be elaborate. Latin American 
labor is traditionally content with 
meager housing, one or two basic food¬ 
stuffs and very little hygiene. It is 
often to the employer’s interest to main¬ 
tain health service, for malaria alone 
may otherwise materially reduce man¬ 
hours of labor possible from each 
worker, while general efficiency of the 
worker may become undermined by a 
series of tropical illnesses. As inex¬ 
pensive an undertaking as supply of 
quinine or atabrine to isolated workers, 
free or at cost, can significantly in¬ 
crease prodTictiveness per worker. This 
becomes a matter of importance where 
labor is scarce. 

Supervision 

Proper supervision of undependable 
illiterate labor is much needed in the 
tropics. Yet seldom can it be obtained 
in the remote regions where wild plants 
are exploited. Even if occasional 
trained national personnel can be found, 
seldom can conditions in the remote 
districts be made sufficiently attractive 
to interest these men obviously capable 
of making their way in more civilized 
places. They are more exacting in their 
requirements for housing and supplies, 
and are frequently of ehild-likjt unde- 
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pendability in completing a job under 
difficulties. On the other hand, the 
bringing-in of temperate zone supervi¬ 
sion from the U. S. A. or Europe offers 
a great many difficulties. Such super¬ 
visors must be well paid, must be more 
elaborately provided-for than local 
peoples, and in many cases prove tem¬ 
peramental or incompatible with local 
customs and tropical living. Seldom 
are they satisfied in their work for more 
than a few years. So far, therefore, it 
has been impractical to bring in tem¬ 
perate zone personnel except to estab¬ 
lished plantations. An occasional “lone 
wolf’* will make his living by organiz¬ 
ing exploitation of wild plant products, 
and in the process usually “goes na¬ 
tive.” 

Management 

Local management in tropical coun¬ 
tries, through knowledge of language, 
customs and political experience, is per¬ 
haps more capable in organizing extrac¬ 
tion of wild plants and plant products 
than is foreign management. Yet local 
management may be less dependable 
financially and less efficient in gaining 
world markets. Moreover, there is per¬ 
haps more frequently a tendency with 
local management in the American 
tropics to show undue ostentation, en¬ 
gage more freely in graft, seek monopo¬ 
lism and high prices, and demonstrate 
the usual social apathy. Any of these 
practices may directly or indirectly in¬ 
hibit production. Local management 
has infrequently risen from the ranks. 
There is typically a lack of broad baclc- 
ground in technical or mechanical train¬ 
ing, and often in integrated knowledge 
of all procedures of procurement. In 
times of stress such management may be 
less likely to provide needed foresight, 
steadiness and strength. 

On the other hand, management by 
temperate zone groups involves opera¬ 


tion from considerable distances, and 
often embraces unfamiliarity with local 
conditions and with the Spanish or Por- 
t u g u e s e languages. Inexperienced 
North Americans invading the commerce 
of the tropics have at times cut a sorry 
figure depending upon interpreters, de¬ 
manding “their rights as Americans,” 
constantly making known how inferior 
they regard everything outside of the 
U. S. A., and depending solely upon a 
heavy bank account to command respect. 
They and their, families frequently can¬ 
not endure tropical life for long, and in 
spite of individual capability cannot" 
manage a tropical enterprise with en¬ 
thusiasm. 

Political Uncertainty 

' Political steadiness has never been 
achieved in Latin America. Govern¬ 
ments and policies “in” today may be 
“out” tomorrow. Concessions granted 
for prolonged periods under stipulated 
terms may become rescinded in short 
order. Groups enjoying the favor of 
one administration may suddenly be on 
the wrong side of the fence. Under such 
conditions heavy capital outlay becomes 
a considerable risk. Political reasons 
alone are sometimes sufficient to discour¬ 
age North American capital investment 
in tropical enterprise. With the recent 
nationalistic trend in Latin America 
most North American investment is best 
made through subsidiaries incorporated 
under the laws of the country where 
operative and at least nominally in the 
charge of nationals. 

Ephemeral Governments may meddle 
unduly in the operations of a successful 
enterprise. Political appointees try to 
make the most of their potentially brief 
stay in office,, and look upon a money¬ 
making industry with hope. Taxes and 
export duties may become increased, or 
behind-the-scenes payments demanded to 
obtain necessary permits. Such Govern- 
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merits seldom accept their responsibility 
to the nation, nor do they realize the 
urgency of conservation measures. 
Many officials are more concerned with 
lining their own pockets than furthering 
the interests of the State. Even where 
top Government policy fosters intelli¬ 
gent exploitation of wild plant products 
and State laws are enacted to regulate 
practices, seldom can such directives be 
supervised in the remote districts where 
wild plants are found. This passage of 
unenforceable laws breeds contempt of 
all regulation, and commonly conserva¬ 
tion directives are ignored, and inspec¬ 
tors, if any, payed-olf when advanta¬ 
geous. 

Militarism 

Many Latin American countries are 
dominated by the military w^hich may 
or may not be sympathetic to civilian 
enterprise. An extreme example of a 
deterring influence by the military upon 
flow of a plant product, in this case 
salvage, occurred in Brazil during the 
recent war. German boats attempting 
to run the Allied blockade had been 
sunk in the south Atlantic, and bales of 
Par Eastern rubber began to wash-up 
on the Brazilian coast. The coastal pop¬ 
ulation found it quite lucrative to sal¬ 
vage these bales for sale to the Allied 
rubber pool. Suddenly coastal military 
commanders ordered that all salvage was 
property of the army (the comman¬ 
ders ?), and took over rubber found in 
the hands of the uneducated beach¬ 
combers, even at the point of a gun. So 
terrified were some rural populations 
that they buried badly needed rubber in 
the forest rather than be caught with it, 
and made no effort to seek additional 
bales. 

Nationalism and Customs Difficulties 

" Only those who have traveled through 
the multitude of small Central American 


Republics can realize the almost endless 
red-tape of documents, seals, official 
signatures and permits needed to trans¬ 
act the simplest of business or engage 
in any significant commerce or travel. 
Tt often becomes cheaper simply to bribe 
the ultimate dispatcher where possible 
than to go through the maze of regular 
channels. Many exporting concerns 
keep on the payroll a relative of high 
officials to arrange^’ for the necessary 
documents. The feeling of nationalism 
is high, and many minor officials take 
particular pride in showing their au¬ 
thority. Customs and export difficulties 
may seem onerous in the U. S. A., but 
they are nothing compared to those of 
most Latin American countries. On 
small shipments or infrequent items, as 
many wild plant products are apt to be, 
cost of exporting by common carrier, 
including time spent in red-tape delay, 
may exceed production cost of the item. 
Nor is pilfering in transit or during un¬ 
supervised inspection uncommon. 

World Acceptance of Product 

Mention has already been made of 
the diversity of plant life in the tropics. 
A few species are much utilized and 
thoroughly known on the world market. 
Yet, if the many other species found 
in the wild could also be profitably har¬ 
vested, production costs from a given 
area might be materially reduced. It 
is a problem before tropical exporters 
to make known or discover uses for the 
multitudes of potentially useful tropical 
plant species. Unfortunately the usual 
condition with wild plants is one of in¬ 
sufficient steady supply to interest large 
manufacturers. Under such circum¬ 
stances it becomes difficult to build up 
a market in competition with cultivated 
plants from steady sources. Another 
point militating against new introduc¬ 
tions is the human tendency to resist 
change. Labor accustomed to^ certain 







Fio. 1 {Upper), Ouricuri palms {Cocos coronata)^ a source o# wax and oil, in the vast palm 
belt of Brazil. Broad-leaved foliage is that of a fig {Ficus sp.) 

Fig. 2 {Lower), A typical method of transport in rainforest areas beyond which steam¬ 
boats can not travel up the shallow rivers. Hero the Bio Pardo in southern Baia, Brazil, is 
the only link from the interior to the sea and coastal civilization. 








Fig. 3 {Upper). Evidence in eastern Brazil of the Latin American traditional habit of 
burning forest areas without regard for useful vegetation, merely to clear land for planting 
manioc, or cassava (Manihot esculenta). 

, Fig. 4 (Lower), Scrub land in east-central Brazil where gums and secondary latices are 
obtained from wild plants. 
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procedures and graders familiar with 
certain types are reluctant to accept 
novelty. Furthermore, elaborate factory 
machinery involving considerable capi¬ 
tal investment may be unsuited to other 
than one type of raw material. Ma¬ 
chines for scutching flax, for example, 
will not efficiently scutch milkweed. 



Fig. 5. Panama rubber trees (Castilla elas~ 
tica) tapped by the natives in local fashion of 
the Costa Rican rainforest. 


Miscellaneous Local Difficulties 

Various local happenings may effect 
production from wild sources. Incleui- 
ent weather, epidemics of disease, fedr 
of wild animals, etc. may effectively re¬ 
duce the output in any remote district. 
In portions of the unchartered jungles 
of South America, hostile Indians may 
to this day prevent free movement of 
unescoi^ted individuals. Evidently much 
wild rubber is to be found along the 


headwaters of the Tapajos and Xingu 
in northern Mato Grosso, but tappers 
can only skirt the fringes of the area 
for fear of their lives. During war¬ 
time, when rubber was at a premium, 
several tappers in this region fell before 
poison darts or arrows. 

Summary 

All in all, expoitation of' tropical 
plants, particularly from the wild, in¬ 
volves inordinate risk when balanced 
against possible gain. Therefore, al¬ 
though the American tropics have been 
known to the white man as long as has 
North America, progress in utilizing the 
vegetational resources is far behind that 
of the temperate zone. Part of the dif¬ 
ficulty is physiographical, where swamps 
and steep slopes mitigate against trans¬ 
portation and agriculture alike, and part 
is climatological, where debilitation is 
common and proven agricultural tech¬ 
niques are difficult. Spanish and Portu¬ 
guese tradition perhaps centralized au¬ 
thority too greatly, and permits or even 
encourages excesses in politics and land 
management. The stimulating inter¬ 
mixture of northern European popula¬ 
tions has been notably absent. 

In view of the many accentuated dif¬ 
ficulties discussed in the previous pages, 
it is no wonder that North American 
capital has been hesitant to venture into 
exploitation of wild tropical resources. 
At the same time local efforts have been 
largely without success in conquering 
the immensity of the fast-growing for¬ 
ests. It would appear likely that little 
promise can be held for large-scale ex¬ 
ploitation of any wild products from 
tropical America with the exception of 
lumber. It is perhaps inevitable that 
with the rajlid destruction of North 
American forests, the economy of the 
U. S. A. will turn to the vast tropical 
hardwood forests of Latin America for 
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part of its lumber supply. Other prod¬ 
ucts from the wild will likely continue 
to be marketed in a desultory fashion, 
with supply and demand both uncertain. 


No plant adaptable to cultivation but 
grown only in the wild can long with¬ 
stand plantation competition from the 
Far East. 


Utilization Abstract 


Tall Oil. Tall oil is a by-prodiu4 of pine- 
wood paper-pulp manufacture. In 1948 
about 250 million pounds of it wore produced 
in the United States, and the products made 
with the oil include adhesives, asphalt emul¬ 
sions and wotting agents, binders, boring oils, 
cement addition agents, cleansers, core oils, 
cutting oils, disinfectants, drawing oils, emul¬ 
sifiers, faetices, flotation reagents, fungicides, 
gloss oils, greases, grinding acids, linoleum, 
mold lubricants, oilcloth, paint driers, paint 
oils, paper sizes, penetrating oils, pigment 
wetting agents, plasticizers, polishers, print¬ 
ing inks, resins, rubber chemicals, soaps, 
soluble oils, sulfonated oils, textile oils, var¬ 
nishes, waterproofing agents and wetting 
agents. The quickly constructed landing 
fields of the recent war, laid out in swampy 
land and strong enough for bombers, W’ere 
made possible by small amounts of tall oil in 
the paving which induced the wet earth to 
dewater itself and to stick to the asphalt. 

The oil consists of vaiying mixtures of 
fatty acids, rosin acids and minor amounts 
of other substances. It exists in the pine 
logs delivered to pulp mills to the extent of 
only about one per cent. Each producer of¬ 
fers his output with accompanying specifica¬ 
tions, and consumers select the grades best 
suited to their needs. Some tall oil was 
made in Sweden at the beginning of the pres¬ 
ent century, and in 1909 a U. S. patent was 
issued for its manufacture, but American 
production did not begin until 1930. Previ¬ 
ously it was a waste product and a nui.sance. 

Tall oil is the lowest priced of all organic 
acids, and in addition to its many uses al¬ 
ready noted, it is a low-nriced source of its 
components, abietic acid in unpolymerized 
form, oleic and linoleic acids, and sterols. 
(Arthur Poliak, Chemurgic Digest 8(6): 8, 
1949), 


Safflower. Commercial production of 
safflower (Carthamns tinrtorus) as an oil¬ 
seed crop in the United States has begun in 
Nebraska, northeastern Colorado, western 
North Dakota and eastern Montana, and is 
being considered in parts of Oregon, Wash¬ 
ington and California. Recent develop¬ 
ment of new varieties with seeds averaging 
more than 30% oil gives safflower a good 
chance of becoming an important oilseed 
crop in the United States. Sufficient seed is 
expected to be available for planting 100,000 
acres in 1950. Markets for the seed have 
been established by Western Solvents, Inc., 
of Longmont, Colorado, and Chemical Crops, 
Inc., of Scottsbluff, Nebraska. (C. A. Claas- 
sen, Neb, Agr, Exp, Sta,, Circ, 87, 1949), 

Herculin. Hot water or acetone extracts 
of bark, leaves, berries and roots of various 
species of Zanthoxglum have at different 
times been reported to be insecticidal, and in 
1943 a patent was granted for use of the root, 
bark, leaves and fruit of southern prickly ash 
(Z. clava-herculis) as an insecticide. An 
active substance has been isolated from this 
bark and named ^ffierculin”. Asarinin, pre¬ 
viously isolated from the bark, has been 
shown to increase the effectiveness of pyreth- 
rum solutions. 

^*Z, clava-herculis , , , commonly called 
southern prickly ash, Hercule’s club, or 
toothache tree, is indigenous to the southern 
United States. The bark is used medicinally 
as an irritant and stomachic, and is available 
commercially. Chewing of various parts of 
the plant, especially the bark, gives a per¬ 
sistent, burning, paralyzing sensation on the 
lips and tongue, an effect also given by Z. 
acanthopodium, fruits of Z, piperitum, and 
the bark of Z, macrophyllurn, all of which 
are used as analgesics, particularly in cases 
of toothache^^ (Martin Jacobson, Jcfur, Am, 
Chem, Soc, 70: 4232, 1949), ^ 



IRISH MOSS —From an Art to an Industry 


This red alga, harvested commercially along the 
shores of Prince Edward Island, Nova Scotia and 
New England, is today processed by five American 
companies into an extractive that finds a major market 
as a stabilizer in dairy products and enters also into 
the manufacture of a variety of other products rang¬ 
ing from beer to toothpaste, 

LEONARD STOLOFF 
Chief Chemist, Krim-Ko Corp,, 

New Bedford, Mass. 


Introduction 

The recognition and utilization of 
Irish moss in New England has been well 
documented. This surge of i)rose does 
not mark the start of a new era but 
merely tags one of the branches of an art 
whose roots are lost in antiquity. Fam¬ 
ily recipes and remedies carried along by 
word of mouth from mother to daughter 
and father to son have utilized this wild 
crop of the North Atlantic. What is 
more natural than that the French, 
Scotch and Irish, migrating to the west¬ 
ern shores of the North Atlantic, should 
have recognized and utilized this crop. 

As long as the use of Irish moss re¬ 
mained an art, the preparation and pur¬ 
chase of this commodity were restricted 
to those in the line of succession. It was 
to be expected that Prance and Ireland 
should become the major sources of sup¬ 
ply with minor sources burgeoning in 
New England and Nova Scotia. S'jftes 
were confined principally to family type 
recipes, remedies and industries. 

It was the enterprise of American in¬ 
dustry that first found new uses for an 
old material, which naturally was pur¬ 
chased from the major processors in Eu¬ 
rope. " When the war cut off European 
imports it was this enterprise that 


pushed the expansion of domestic 
sources. The war at the same time cut 
off supplies of imported gums, such as 
agar, tragaeauth, arabic and acacia. It 
did not take long to determine that the 
active ingrcdieiit from Irish moss could 
replace these gums and in many in¬ 
stances outperform them. Spurred on 
by wartime needs, old equipment was 
adapted to the processing of moss, and 
a purified hydrocolloid, obtained as a 
hot-water extractive from these algae, 
was placed on the market. Today five 
American companies^ are actively en¬ 
gaged in the preparation of purified 
Irish moss extractive, and a far greater 
poundage of extractive is being mar¬ 
keted now than of crude moss before the 
war. 

Newly developed sources of Irish moss 
and greatly expanded old ones did not at 
once begin to produce raw material of 
the same high quality as had been im¬ 
ported. Hastily devised processing 
methods did not at once produce the best 
possible finished product from the raw 
’material available. But great strides 

1 Krim-Ko Corp., New Bedford, Mass; Kraft 
Foods Co., Chicago, Ill.; Jacques Wolf & Co., 
Ine., Passaic, N. J.; Bowey’s Incorporated, 
Chicago, Ill.; Algin Corp. of America, New 
York, N. y. 
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have been taken in both directions. The 
finished product today is far superior to 
that of even two years ago, and Irish 
moss extractive is well entrenched as a 
valuable peacetime commodity. 

The Plants 

The raw material for this industry, 
Chondrus crispus (L.) Stackh., is vari¬ 
ously known as Irish moss, carrageen or 
carrageen moss—the name carrageen de¬ 
riving from a town in Ireland which was 
long an important shipping point for the 
product. Chondrus crispus belongs to 
the family Gigartinaceae in the class 
Rhodophyceae, or red algae. Another 
species in the same family, Gigartina 
stellata, has at times been substituted 
for Chondrus crispus, particularly in 
Ireland, England and Norway. True 
Irish moss grows from a tiny disclike 
holdfast, often achieving a length of 
about eight inches, forming loose to often 
dense clumps of a dark red-purple colora¬ 
tion. The slender stalk expands sharply 
to a flat wedge-shaped apex which is di¬ 
vided dichotomously. Segments continue 
dichotomous branching to eventually 
form dense heads. Apices of the branches 
are rounded, and the margins arc entire. 
Tetrasporangia are found in irregular, 
solitary, little swollen dark red sori in 
the terminal segments. Cystocarps are 
located in similar sori. 

Although most Chondrus will be 
found growing in dense masses on the 
sublittoral faces of rock formations in 
cold, open water, usually just below a 
growth of rockweed, a sufficient number 
of anomalies exist to confuse the bota¬ 
nist. An area of Quincy Bay in Boston 
Harbor, year after year, is covered with 
a heavy growth of Irish moss in spite of 
warm shallow protected water and mud 
bottom. The plants attach to miscel¬ 
laneous solid objects such as shells, cans, 
worm tubes and small stones. The 
grdwth and pigmentation are similar to 
what is observed under normal^’ condi¬ 


tions, and the incidence of reproductive 
organs seems much greater. The brackish 
waters of Scituate harbor in Massachu¬ 
setts and Charlottetown harbor in Prince 
Edward Island frequently support 
heavy growths. Many more such situa¬ 
tions probably exist. Contrasted to these 
situations, extensive beds of Chondrus 
have been reported by divers at depths 
as low as 40 feet off the coasts of Maine 
and Massachusetts. Yet in spite of the 
seeming hardihood of the plant, attempts 
at artificial cultivation have failed dis¬ 
mally. 

Another anomaly exists in pigmenta¬ 
tion. The position of Chondrus among 
the red algae could hardly be guessed 
from an extensive growth occurring off 
Point Prim, Prince Edward Island. 
Here a dwarfed form which covers a 
shallow red sandstone shelf reaching ten 
miles out into the Gulf of St. Lawrence 
toward Nova Scotia, is entirely green. 
No red pigmentation has been observed 
in any ^‘moss^^ from this area. 

Lack of pigmentation is often attri¬ 
buted to differences in intensity of illu¬ 
mination, but such an explanation could 
hardly suffice here. 

Harvesting 

Today ^s Irish moss industry is being 
supplied i)rimarily with raw material 
from the North American coast. The 
main centers for harvesting and pur¬ 
chase are at Scituate, Mass.; Rockland, 
Maine; Yarmouth, Nova Scotia; and 
Prince Edward Island. On Prince Ed¬ 
ward Island most of the harvest is drift- 
weed thrown up on the northern shores 
in huge windrows whenever the wind 
blows from the North. Some driftweed 
is also harvested at Point Prim on the 
southeast shore. At times when the 
winds are uncooperative some moss is 
raked at Point Prim and near Tignish on 
the northwestern extremity of Prince 
Edward Island. , 

Raking is the primary means f|^r har- 
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vesting Irish moss in Nova Seotia, Maine 
and Massachusetts. A taper-toothed 
rake on a long handle is manipulated by 
hand from a dory to tear the Ckondrus 
from rock formations made accessible at 
low tide. Some skill is required for this 
operation, since the rakes have 18-foot 
handles and only the pull of the rake is 
used to keep the dory in position while 
working. A skilled man can rake 800 
to 1,000 pounds of wet moss on a tide, 
for which he may receive from 
1^^ to If^ per pound. Reports of two 
to three harvests otf the same rock face 
would indi(?ate an extremely rapid rah 
of regrowth. Controlled experiments in¬ 
dicate, however, that the reports may be 
true but the conclusions false. When 
a plant is pulled or broken loose, the 
holdfast still remains firmly attached. 
Regrowth starts from the holdfast, ex¬ 
cellent insurance for an uninterrupted 
crop, since there is no dependence on 
spore or gamete survival and germina¬ 
tion. Natural reproduction by means of 
spores requires six to eight weeks from 
germination to completion of the hold¬ 
fast, and a full year from the holdfast 
to a size suitable for raking. 

Raking does not denude the rock but 
only tears off the larger growths. More 
room is left for the smaller plants. With 
an excess of nutrient the growth rate of 
a branching plant increases geometri- 
(^ally so that several harvests in one sea¬ 
son from one rock face are easily possible 
under these conditions. 

The season for raking depends on the 
weather and usually extends from May 
until September. At other times., the 
water is too rough. Rough weather 
with winds from the proper direction 
are required for drift moss. The sea¬ 
son on Prince Edward Island usually 
extends from August to November. An¬ 
other limitation at present is the need 
for good drying weather, since the ge¬ 
ography and economics of the situation 
do not as yet make artificial drying 


feasible. And drying of the moss is nec¬ 
essary for its storage, utilization and 
economical transportation. 

The labor supply is a governing fac¬ 
tor in some areas where the gathering of 
moss is an olf-seasoii vocation. Lobster- 
men fretjuently gather moss when the 
lobsters are molting, the intensity of 
their efforts being determined by the rel¬ 
ative prices of lobsters and moss, (lath¬ 
ering moss provides summer employment 
to college students, and farmers close to 
the shore find' that an extra penny can 
be earned between haying and harvest¬ 
ing. 

Drying and Bleaching 

Extensive, flat, clean areas on which to 
spread the moss are required for dry¬ 
ing. These may be sand beaches, cut 
over hay fields or boarded or cemented 
areas. At one location flakes are em¬ 
ployed. Occasional turning and break¬ 
ing of clumps is required for thorough 
drying which may take one to three days, 
depending on weather conditions. Moss 
which is gathered in as soon as dried 
is known as black moss^’ because of 
the dark color of the concentrated red 
pigment in the frond. 

Drying the moss reduces the moisture 
content from 85^^ to approximately 
20% and the weight to approximately 
one-fifth of the original. The market 
value of the moss at this stage is six to 
eight cents per pound, the lower figures 
being paid for east or drift moss. 

If the moss is rewetted and exposed 
to the sun, the red and green pigments 
are bleached, leaving the moss a yellow 
or straw color. Some of this bleaching 
occurs during the initial drying so that 
commercial black moss always contains 
a considerable (luantity of bleached 
fronds. FOr complete bleaching, occa¬ 
sional turning of the moss is required 
to expose all surfaces to the sun. The 
time honored practice is to depend on 
dew or light rains for the required mois- 
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ture, but two systems are now in opera¬ 
tion where the moss is kept thoroughly 
wet. In this manner a bleaehin^ that 
normally takes several days is aeeom- 
plished in one afternoon. One system 
uses shallow tanks in whieh the moss is 
submergred, the other keeps the moss 
wet with lawn sprays. Because of the 
care and time consumed and the risk 
of having the moss spoiled by “bleed- 
in< 2 :’', due to bein^ cauj^ht in heavy 
rains, the price of bleached moss is 
double that of black moss, or 12 to 16 
cents per pound. 

If the salt content of the moss is de¬ 
creased to any considerable extent by 
bleachinj?, due to heavy rains or other 
sources of fresh water, the dissolving 
temperature of the moss hydrocolloid is 
lowered and “bleeding” results. Since 
it is necessary to keep moss wet while 
bleaching, precautions must be taken to 
prevent loss of salt in this operation. 
The use of fresh water is preferable, 
however, for washing moss to be dried 
black, since the reduction in salt de¬ 
creases undesirable Aveight and facili¬ 
tates subsequent processing. 

As a rule, bleached moss is more free 
of extraneous materials than black moss, 
since foreign weeds and other matter 
present as contaminants do not bleach 
and are easily distinguished in sorting 
operations while the moss is spread out. 
Black moss can be more easily picked 
over before it is dried. Floating the 
seaweed in water facilitates this opera¬ 
tion and also washes the moss. This 
latter practice has not yet become wide¬ 
spread. 

At the present time the above methods 
are sufficient to supply the industry, 
but experiments with gathering ma¬ 
chines are in progress, looking forward 
to the times when these methods will 
not suffice. Progress is also being made 
in^ devising procedures for eliminating 
unwanted impurities such as foreign 


seaweeds and Crustacea from commer¬ 
cial Irish moss. This progress will be 
hastened by quality standards which 
have been installed this year on a vol¬ 
untary basis by the Canadian Depart¬ 
ment of Fisheries. Experiments have 
indi(‘ated that the presence of foreign 
weeds is the greatest single deterrent to 
high (piality in the final extractive. 

Finding sufficient growth of Chon- 
drtis crispus is not yet a problem, but 
it is not too early to start a survey of 
our coastal resources to insure a con¬ 
tinuing supply of raw material for an 
expanding industry. 

Extraction 

Difficulties in obtaining the extrac¬ 
tive from Irish moss may heretofore 
have prevented wider utilization of this 
seaweed, although recovery of the hy¬ 
drocolloid involves fundamentally sim¬ 
ple unit processes. The moss is first 
washed in cold water, then extracted 
with hot water. The solution of water 
extractables is clarified by centrifuging 
and filtering, and may be further puri¬ 
fied by treatment with activated carbon. 
The solids are recovered by driving off 
the water in eva))orators and on drum 
dryers. A more costly variation of sol¬ 
ids recovery involves precipitation of 
the hydrocolloid with alcohol prior to 
tray drying. Carrying out these unit 
processes is more easily said than done, 
since the very properties that make the 
extractive so valuable work against easy 
application of each process. The vis¬ 
cosity and suspending power of the ex¬ 
tract require working at high dilution. 
The particles to be removed are gelati¬ 
nous so that filtration is difficult, and 
their composition is 95% water, making 
centrifuging also inadequate. The loga¬ 
rithmic increase of viscosity with con¬ 
centration sets a high limit of approxi¬ 
mately 2.5% on concentration by evap¬ 
oration, leaving a relatively dili^te solu- 
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, Fig;" 1 {Upper), A single branching frond of Irish moss. {Courtesy E, L. Patch Co,), 
2 {Lower), A clump of branching fronds of Irish moss attached to a rock. 
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tion to be dried on the drum dryers. All propriate salts are added, it forms 
this processing must be accomplished on thermally reversible gels, dependent on 
a material susceptible to hydrolytic and the salt concentrations for their strength 
oxidative decomposition. The final prod- and setting temperature. It reacts with 
net is a feather-weight bulf-colored proteins to form suspending or gelling 
powder which absorbs water rapidly to systems, as in milk, or fining systems, 
form a viscous solution at low concen- as in beer. 

tration. Other properties of Irish moss ex- 



Fig. 3 (Upper). Gathering Irish moss by means of long-handled rakes from submerged 
rocks near the shore at Scituate, Mass. 

Fig. 4 (Lower), Irish moss spread for drying and raked into piles on the shore at Seituate, 
Mass. 


Utilization 

The viscosity of the final product is 
pleasant to both the palate and the skin. 
Its emollient properties make it useful 
in such products as hand lotions and 
cough syrups. It is an excellent emulsi¬ 
fying and suspending agent, being used 
for^ medicinal, flavoring and industrial 
emulsions and suspensions. "" When ap- 


tractive, such as its ability to form 
films, its value as an antioxidant and its 
general value as a protective colloid, are 
now under investigation. 

To suspend cocoa in milk, approxi¬ 
mately 0.04 per cent of extractive will 
react with milk proteins at 160° F. to 
form a suspending system when cooled. 
This reaction also gives a desiraWe body 
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to the milk. Approximately 0.5 per 
cent in milk will form a very palatable 
gel when heated and cooled. This reac¬ 
tion is the basis of the old Wane mange 
puddings and also of a modern line of 
flavored powders for making milk pud¬ 
dings. In fact, such utilization of the 
extractive is a major industrial outlet. 

When 15 to 20 pounds of a good grade 
of Irish moss is added to a 500-barrel 
kettle of beer wort, the extractive reacts 


cles, leaving a clear wort on which the 
yeast may work. 

Many frozen foods, particularly those 
containing fats, are subject to oxidative 
changes resulting in a rancid, unpal¬ 
atable and unsightly product. Ascorbic 
acid has been found to be an effective 
agent to retard these changes. When 
ascorbic acid is dissolved in a solution 
of Irish moss extractive (0.3^^) ascorbic 
acid in 0.5'/ extractive), a solution is 



Figs. 5 & 6 (Upper). Irish moss cast upon the shore at Prince Edward Island. 
Figs. 7 & 8 (Lower). Irish moss being sprayed and bleached at Prince 
Edward Island. 


with the proteins in the hot wort, accele¬ 
rating their coagulation. The coagulated 
proteins settle out, carrying insoIuW^^ 
fines with them. On cooling the wort, 
more insoluble particles form, which, if 
allowed to remain in suspension, would 
tend to smother the yeast and produce 
hazy beer. Irish moss in the brew causes 
a second protein coagulation on cooling 
to 6(X° F., the so called “cold break’^ 
which carries along all suspended parti- 


produced which forms a continuous 
film of appreciable depth over foodstuffs 
dipped therein. Protection of the food¬ 
stuff is achieved through an actual 
physical barrier to oxygen, through 
emulsification of fats and oils, thus pre¬ 
venting their release to contact with air 
and to a reinforced antioxidant system 
due ,to a synergistic relationship be¬ 
tween the ascorbic acid and a natural 
antioxidant in the extractive. 
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The baker uses Irish moss extraetive in 
his piping jellies, in his pie fillings and in 
his icings and meringues. He may soon 
be using it as a conditioner in his breads 
and cakes. Piping jellies made with 
Irish moss extractive are smooth and 
clean tasting; pie fillings have a short, 
tender texture; icings remain creamy 


emulsion will have Irish moss extractive 
as a base. For a sore throat or chapped 
hands, the same soothing emollient that 
the fisher folk found useful in spring 
cures and hand washes will be effective. 

Among the many users of Irish moss 
extractive are those who know it from 
family recipes and remedies. Yet even 



Fig. 9. All Iriali moss “ exchange at Seitiiate, Mass., where the moss, brought to the shore 
in (lories from the gathering beds in shallow water, is sold to representatives of processing firms. 
{Courfesjf Thomas T)wycr). 


and moist, yet do not adhere to the 
wrapper; and meringues are short, 
tender and stable. 

Your favorite toothpaste may contain 
Irish moss extractive to obtain its uni¬ 
form smooth body and stable foam. If 
you are constipated, your mineral oil 


this short exposition will reveal uses new 
to the old timers. Many more useful 
properties are still waiting to be ex-, 
plored. It is the attainment of this 
phase of application research that insures 
Irish moss its position as a raw material 
for an American industry. 
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Utilization Abstracts 


Indigenous Food Plants of West 
Africa. Today food plants most commonly 
used by West Africans are of American or 
Asiatic origin, namely, cassava (Manihot 
esculenta), groundnuts (peanuts) {Arachis 
hypogea), plantains (Musa paradisiaca), 
maize (Zea May8)y bananas (Musa sapien- 
tum)y pineapples (Ananas comosus), pa¬ 
payas (Carica Papaya), sweet potatoes 
(Ipomoea Batatas) and citrus fruits 
spp.). In addition, there are two kinds of 
coco-yam. One of them (Xanthosoma), 
known as ‘‘tannia”, is of American origin; 
the other (Colocasia) is native to India and 
is known in Trinidad as “eddo” or ^^dasheen”; 
in Polynesia as “taro’\ Its common name of 
“koko^^ in West African vernacular was 
originally derived from a Creole (Sierra 
Leone) imitation of its Portuguese name 
**curcas’\ 



Before these sources of food were intro¬ 
duced into West Africa, however, the Afri¬ 
cans subsisted, so far as vegetable food was 
concerned, on local plants, and these are 
still used, both wild and cultivated. Among 
them are the following: 

EDIBLE FRUITS AND SEEDS 

Balanites aegyptiaca. (Simarubaceae). 
Desert date. Kernels of the desert date, 
which occurs in dry regions where inunda¬ 
tions occasionally moisten the ground, are 
valuable as food and are sometimes used in 
making a kind of bread, or they may be 
eaten in soup by the Shawa Arabs. They 
also provide an edible oil (over 40% of tb^ 
seed). 


Blighia sapida. (Sapindaceae). Akee 
apple. The oily yellow aril of the fruit is 
eaten raw or in soup, or fried in oil oir 
butter, or roasted and eaten as a sweetmeat. 
Named after the famous captain of H.M.S. 
Bounty. The dangerous properties of the 
bitter fibrous raphe attached to the aril have 
long been known in West Africa. The tree 
is also grown elsewhere, particularly in the 
West Indies where its name “akee’^ closely 
resembles its Gold Coast vernacular name, 
pronounced “achee”, from which it is prob¬ 
ably derived. Although the fruit has been 
commonly eaten in Jamaica, it was a long 
time before cases of death resulting from , 
vomiting sickness were traced to akee poison¬ 
ing, due to eating the poisonous portion. 
The pulp of the fruit itself is edible. 

Butyrospermum Parkii. (Sapotaceae). 
Shea butter-tree. The kernels of the fruits 
are rich in fat (broker’s standard 48%). 
This fat, called “shea butter” is prepared 
locally by women and is commonly seen in 
markets. It is used in African cookery and 
for other purposes. Generally only the ker¬ 
nels are exported; “shea oil” is extracted 
from them and made into vegetable butter 
and other products. However, locally pre¬ 
pared shea butter itself is sometimes carried 
to other countries. There are probably more 
than 17 million shea butter trees in French 
West Africa alone, and the fruits are prac¬ 
tically everywhere harvested from trees in 
a semi-wild condition. 

Carissa edulis. The paired purplish-black 
berries are sweet and edible. 

Ceratotheca sesaynoides. (Pedaliaceae). 
This species, closely related to Sesamum, is 
often found wild but is also cultivated. 
Both leaves and seeds are eaten in soups. 
The seeds contain 37.3% of oil. 

Chrysophyllum spp. (Sapotaceae). Sev¬ 
eral species used, the pulp of the fruits 
being the portion eaten in the same way as 
the introduced star apple, C, Camito, 

. Cola acuminata and C. nitida. (Stereuli- 
aceae). Kola. These are probably the most 
important of ‘several cultivated species of 
the genus in West Africa, the fruits of which 
provide a flavoring for beverages in other 
lands as well as being used as a stimulant in 
Africa. Kola nuts have been used in Africa 
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since remote times, and there was early trade 
in them from rain forest regions to the drier 
regions south of the Sahara. When Leo 
Africanus first described them in 1556, he 
aroused a European desire to discover their 
source. Later, slaves carried the seeds to 
the New World, and in the 17th century 
certain Europeans, reaching the West Indies, 
suddenly discovered the kola tree growing 
there. Thus for a long time they believed 
that it was native to that region. These seeds 
and those of Aframomum are the two mo.st 
important of the very few indigenous West 
African plants that so far have attracted 
sufficient attention outside Africa to have 
resulted in their export. 

Cordia Myxa, (Boraginaceae). Assyrian 
plum, Sapistan. Often specially planted at 
the edge of the forest by residents of villages 
or naturalized there. The sticky mucilagin¬ 
ous pulp and the kernels of the fruit arc 
both edible. 

Biospy os mespiliformis. (Ebenaceae). 
West African ebony. The sweet pulp of the 
fruit, either fresh or dried, is eaten or is 
sometimes fermented to make a drink. 
Mixed with dates, figs, etc._, a kind of sweet¬ 
meat is also prepared from it. 

Elaeis guineensis. (Palmaceae). Oil 
palm. The main oil-producing palm in 
West Africa, yielding a red oil from the 
outer layer of the fruit. This is ’ greatly 
used in African cookery, as well as in world 
commerce—for example, in margarine manu¬ 
facture—while from the kernels another oil, 
known as ^^palm kernel oil”, is obtained. 
Kernel oil is used by West Africans as a 
pomade for the skin, as hair oil and as a 
cooking fat, while in world trade it also has 
various uses. 

Irvingia gahonensis, (Simarubaceae). 
African mango, Dika nut. Cultivated in 
lower Dahomey, a variety with a thick edible 
pulp being sold in the markets in Porto 
Novo. From the kernels, which contain 54% 
to 67% of fatty matter, an almost solid, 
white or pale yellow fat known as “dika 
butter” is extracted. This has been tried out 
experimentally in Europe in margarine 
manufacture and as a substitute and adulter¬ 
ant for cocoa butter. For local consumption 
the kernels are dried and split into two 
cotyledons, ground, heated, smoked and made 


into cylindrical masses known as “dika 
bread” or “Gaboon chocolate”, to be eaten 
as a seasoner with meat, fish or other dishes. 
In Gaboon two other food preparations are 
made from the kernels. 

Landolphia spp. Vine rubber. The fruits 
of various species are edible, those of L. 
senegalensis being sold in markets. 

Parkin filicoidea, (Leguminosae). West 
African locust bean. The seeds are boiled 
for 24 hours, then pounded, cleaned and 
boiled to form a paste which is then allowed 
to ferment for two or three days. They are 
then made into sticky blackish balls, well 
known in West Africa where the intinerant 
Hausa traders barter them under the Hausa 
name “daudawa”. They keep well and are 
very rich in protein and contain also about 
17% of a semi-solid fat. Highly nutritious, 
they take the place, in some ways, of cheese 
in a European diet, or are used as a basis 
for soups and as a seasoner. In addition, 
the yellow powdery pulp in the pods is dried 
and sold as meal or made into cakes or blocks 
which likewi.se keep well. This is a valuable 
food which is put into soup or eaten with 
other foodstuffs. Approximately half of it 
is composed of easily assimilated sugars. 

Sarcocephalus esculentus, (Rubiaceae). 
Guinea, or African, peach. Fruits are either 
eaten fresh or dried for future consumption 
and contain many small seeds. 

Sesamum- indicum, (Pedaliaceae). This 
widely distributed plant was probably origi¬ 
nally tropical African, for it was known in 
ancient Egypt about the year 1300 B.C. 
It is now widely distributed in tropical and 
sub-tropical regions as “gingelly”, “til” or 
“sesame” in the eastern tropics, and as 
“beniseed” in West Africa. The latter name 
originated in Bambara and Malinke (French 
West Africa). In West Africa it is grown 
in pure stands, being mainly cultivated for 
its seeds which are rich in oil. They are used 
in the form of porridge or as thickening in 
soup after pounding and washing, or arc 
made into cakes fried with salt, pepper, etc. 
for use on journeys. The young leaves are 
also added to soups. Beniseed is exported 
from northern Nigeria, the oil (50% in seed) 
being used in margarine manufacture and as 
a salad oil (olive oil substitute) #r in its 
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lower grades for soap-making. The residue 
is useful as a cattle cake, 

S, radiatum. This species is generally 
found growing wild, but is sometimes spe¬ 
cially cultivated. 

Strychnos spinosa. (Loganineeae). Kaffir 
orange. The yellow brown pleasantly acid 
pulp is edible. 

Spondia^ Mombin. (Anacardiaccae). Ilog 
plum. Fruits sometimes stewed. 

Synsepalum (Sideroxylon) dulcificum. 
(Sapotaceae). Miraculous berries. A shrub 
or small tree which occurs wild in West 
Africa but is often specially planted. The 
pulp around the seeds causes a persisting 
sensation of sweetness on the tongue, so that 
even the acidity of lime juice can not be 
recognized, nor the bitterness of quinine. 
These curious effects may last sometimes as 
long as one or two hours or even longer. 
Africans use the pulp with certain acid fruits 
and with palm wine, and to sweeten other 
foods and even to disguise the taste of stale 
food. 

Tamarindns indica, (Leguminosae). Tam¬ 
arind. Probably originally African. The 
pulp around the seeds is edible. 

Thaumatococcus Danielli, (Marantaceae). 
^liraculous berries. A tall forest herb from 
which the soft jelly-like arils of the fruit 
provide a lingering sweetness of taste similar 
to the fruit of Symepalum, 

Vitex Cienkowski. (Verbenaceae). West 
African plum. A black fruit with consider¬ 
able nutritive value, said to counteract A and 
B avitaminosis, especially in children. 

Zizyphm Spina-Chriati, (Rhamnaceae). 
Christ's thorn. Specially planted for its 
shade and its edible fruits. Probably the 
‘lotus' of the ancients. 

C(X)KED FRUITS AND THE LIKE 

Citrullus vulgaris. (Cucurbitaceae). Wa¬ 
termelon. The watermelon is of African ori¬ 
gin and has been traced back to the fourth 
Egyptian dynasty. Some varieties are bitter, 
but others are comparatively sweet and may 
be eaten either raw or cooked in soup. The 
seeds, known as ‘‘egusi", are dried in the sun, 
the husks are removed and the kernels are 
then roasted and ground and put into soup 
or used as an ingredient in a sauce. They. 
, are of good Tood value (roughly 45% fat 


and 34%. protein), and the oil in them is 
suitable for cooking. Sometimes the kernels 
are fermented by the Yorubas of Nigeria to 
form a food or flavoring called “ogiri". An¬ 
other food is made from roasted and pounded 
seeds which are wrapped in a leaf and boiled. 
Sometimes they are fried in oil, with red 
pepper (Capsicum) added. Watermelons 
can grow on quite poor soils and with little 
rainfall. In tropical South African deserts, 
such as the Kalahari Desert, they provide a 
food and source of water for primitive tribes. 
They are also eaten by the antelopes in such 
regions. 

Cucumeropsis cduUs and C. Mannii. (Cu- 
curbitneeae). Cultivated chiefly for their 
white oily seeds which are parched and eaten 
or, like those of the watermelon, pounded 
and added to food. 

Cucumis Melo. (Cucurbitaceae). Melon. 
The common melon, though of uncertain ori¬ 
gin, is probably spontaneous from West Af¬ 
rica to India without interruption. Several 
varieties are cultivated, some of which are 
cooked and eaten before ripening, wdiereas 
of others only the seeds are eaten. 

Gossypimn sp. (Malvaceae). Cotton. 
Cottonseed oil is used in cookery. The Han- 
sas make fermented cakes from the seeds 
which are edible. 

Hibiscus escnlentus. (Malvaceae). Okro, 
Okra. Okra is believed by I)e Candolle to 
be of undoubted African origin. Marcgraf, 
who saw^ it in Brazil, quotes its Congo and 
Angola name, “quillobo", which was cor¬ 
rupted by the Portuguese to “quingombo"— 
hence the name “gumbo” given to the plant 
in the United States. The plant w^as culti¬ 
vated by the Egyptians long before the dis¬ 
covery of America, and Schweinfurth saw it 
growing wild in the Anglo-Egyptian Sudan 
and in Abyssinia. It is now widely grown 
in the tropics. Several varieties occur in 
West Africa where the fresh, dried and 
sliced or powdered fruits, and even the dried 
flowers, are used as a soup vegetable, and the 
leaves as a pot-herb. 

B. Sabdariffa. Roselle, Sorrel. Known in 
Sierra Leone As “sour-sour” because of its 
acid flavor, this is a native of either tropical 
Africa or America, but probably the former. 
Today it is grown throughout the tropics. 
After the flower has faded, the fleshy red, 
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yellow or green calyx and epicalyx, which 
contain malic acid, are used in soup, either 
in a fresh or a dried state, or are used as a 
sauce or relish. Europeans have used the 
calyx for making jelly, chutney, jam, syrup 
and wine. The seeds are edible, being 
pounded into a meal and used either as an 
oily soup or roasted and made into sauce. 
They are sometimes parched, pounded, and 
the oil extracted, the residue being put into 
soup or made into cakes with beans and 
other foodstuffs. The seeds are further made 
into fermented cakes, much the same as the 
widely used daudawa (Parkin filicoidea), 
described above, in those regions where the 
locust-bean is scarce. The leaves of tlie sor¬ 
rel are also edible. [//. Sabdariffa is the 
souj’ce of the commercial fiber roselle which 
has been extensively discussed in ECO- 
XOMIC BOTANV 3: 89-103, 1949.] 

Hyptis Hpecigera. (Labiatae). Sometimes 
cultivated like beniseed {Sesamum), its 
blackish seeds rich in oil being used as food 
in the same way. 

Lagennrla v alg a r i s. (Cucurbitaceae). 
Bottle gourd. The bottle gourd is almost 
certainly of African origin. Although it is 
geriei'ally cultivated only for its bottle-shaped 
gourds and calabashes, the fruits being gen¬ 
erally loo bitter to eat except when very 
young, certain improved varieties, especially 
the tubercled form, may be as good as the 
pumpkin. The young shoots and leaves are 
also used as a vegetable, and from the seeds 
of some forms an oil is obtained which is 
used in African cookery. 

Pachylobns ednUs. (Burseraeae). Bush 
butter tree. Specially grown from seeds and 
cuttings for the sake of its fruits, the outer 
portion of which is eaten, either roasted or 
boiled. It can be used as a dessert fruit or 
eaten with curries. 

Poly gala bntyraceu. (Polygalaceae). 
Probably a relic of ancient native culture. 
It is groAvn on a small scale in the Benue 
region in Nigeria and also on the boundary 
of Nigeria and Cameroon, Dahomey, Togo 
and Sierra Leone (Adainawa), and also in 
a few localities in French and Portuguese 
Guinea. The solid fat obtained from the 
seeds is used by some tribes in cooking, but 
in parts of French Guinea and in Adamawa 
the seeds are parched, ground up, and added 


to soup. The method of preparation resem¬ 
bles that used for making ground-nut paste 
(l3eanut butter), except that it is more dry 
and powdery. It has a pleasant nutty flavour 
and is made up into balls with meat and 
other foods and cooked with palm oil and 
spices. The plants can be grown on poor 
soils and may be a useful addition to local 
food supplies. It is also grown locally for 
its fibre. 

Sesbania pachycarpa. (Leguminosac). 
Sometimes grown around villages in upper 
French Guinea for the sake of the seeds, 
from which a fermented extract is prepared 
as a substitute for those of Parkia. The 
seeds of S. panctata can be used in the same 
way. 

S o I a n u m a no malum. (Solanaceae). 
Fruits dried for future use as a condiment. 
The bitter fruits of S. aethiopicum, S. duplo- 
sinaatam ami S. nodiflornm are cooked and 
eaten. 

incanam. Garden egg, Brinjal. Fruit 
edible only after cooking. Though a native 
of southeast Asia, it has probably been 
grown in West Africa for centuries, for it 
has numerous vernacular names there. 

S. macroearpon. Cultivated near houses, 
especially in forest country, for its leaves 
and fruits, the latter being edible after cook¬ 
ing. 

Telfairia occidentaUs. (Cucurbitaceae). 
Fluted pumpkin. A native of West Tropical 
Africa where, in the opinion of Dalziel, it 
probably owes some of its extension, such as 
at the edge of forests, to its persistence after 
previous cultivation. The fruits, which are 
often very large and covered with a waxy 
bloom, contain a number of large seeds. The 
cotyledons, which have a pleasant almond¬ 
like flavour, are the edible portion, being put 
into soup or cooked and eaten like beans. 
The seeds contain an oil used in African 
cookery, and the young shoots and leaves are 
used as a potherb. A related species, T. 
pedatOf has similar properties, and its seeds 
are roasted and eaten in Gaboon, the seedcoats 
being removed and the kernels pounded into 
a paste, mixed with fish, and then cooked in 
a banana leaf. The seeds contain an oil. 
This plant is apparently better known in 
East Africa and the Mascarene Islands than 
in its original West African home. / [Accord- 
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ing to C. H. W., editor of the Journal quoted, 
seeds of Telfairia pedata were imported at 
the time of the World’s Fair in New York, 
1939“1940, and sold in one or more markets]. 

EDIBLE LEGUMES 

Kerstingiella geocarp a. ‘Qeoearpa’ 
Groundnut. One of the two groundnuts na¬ 
tive to West Africa (see also Voandzeia), ^ 
both of which are cultivated as field crops 
there, though they are not well known out¬ 
side of the region. Like the peanut (Ara- 
chis), they bury their pods beneath the soil 
as they ripen. The seeds are of high food 
value, although their yield is poor and they 
are liable to weevil attack. Kerstingiella has 
a restricted range in West Africa. 

Parkia filicoidea. West African locust 
bean. Discussed above. 

Vigna unguiculata, Cowpea. This is al¬ 
most certainly of West African origin. 
There are numerous cultivated West African 
varieties, but it also occurs in a semi-culti- 
vuted and a wild state. 

Voandzeia suhterranea, Barabara ground¬ 
nut. The other groundnut native to West 
Africa (see Kerstingiella), It has been 
found in a wild state in northern Nigeria and 
Cameroons, but it may not have originated 
in that exact area. There are several vari¬ 
eties. Its oil and albuminoid content is com¬ 
paratively low, although it is a good all¬ 
round human food. 

FOLIAGE CROPS 

Amaranthus caudutus, (Amaranthaceae). 
A semi-cultivated plant with edible leaves. 
According to Dalziel, it was introduced from 
Asia, but Burkill^says it has been used in 
many parts of Africa as‘a spinach plant, as 
well as being widely cultivated in both Af¬ 
rica and the Himalayas. According to Dal¬ 
ziel, it is cultivated in West Africa as a grain 
crop because of its edible seeds, as in India 
and elsewhere, e,g., as ‘Inca wheat’ in Peru. 
Its country of origin, is uncertain, but it ap¬ 
pears to have wideBi cultivation in Africa 
than in Asia where c 1 . paniculatus has a 
greater extension. 

BraAsica juncea, (Cruciferae.). Indian 
mustard. Though widely distributed in the 
tropics, ,it is believed by Burkill to be of 


possible African origin. In the East it is 
cultivated as a condiment and for the oil of 
its seeds, while the young leaves are used as 
a vegetable, much like mustard greens in 
other countries. In West Africa its cultiva¬ 
tion for use as a potherb and as a peppery- 
tasting condiment is reported from the Up¬ 
per Niger and from Sierra Leone. 

Gynura cerniia, (Compositae). Some¬ 
times grown as a mucilaginous potherb or 
used for soups or sauces. 

Hibiscus cannahinus, (Malvaceae). 
Leaves are eaten in soup or as potherb. 
[This species is the source of the commercial 
fiber kenaf which has been extensively dis¬ 
cussed in ECONOMIC BOTANY 1 : 334- 
352. 1948]. 

Hibiscus Abelmoschus, (Malvaceae). 
Musk-mallow. Leaves and young shoots are 
sometimes eaten in soup. The leaves of okra 
(H. escufentus) and sorrel (H, Sabdariffa) 
are also eaten. 

L act uca taraxacifciia. (Compositae). 
Sometimes cultivated and the leaves eaten 
fresh or cooked. They are sometimes sold in 
markets as balls of cooked or soaked leaves 
prepared for use in soups or sauces. 

Ocimum viride, (Labiatae). Tea-bush. 
The leaves of this and of 0. americanum are 
used in salads in Calabar and the latter in 
soup in northern Nigeria. 

Senecio Biafrae. (Compositae). The 
leaves of a cultivated form, probably in sev¬ 
eral varieties, are said to have been used as 
a vegetable. 

CEREALS 

Among the most important indigenous 
food plants of West Africa are the cereals, 
particularly Guinea corn {Sorghum spp.) 
and bulrush millet {Pennisetum spp.). 

Digitaria exilis. Hungry rice. Sometimes 
cultivated in northern parts of Nigeria, Togo 
and Sierra Leone, and in Portuguese Guinea 
and Gambia. The very small grains are used 
as porridge, or they are parched and ground 
and mixed with meal of other cereals. 

D, Iburua, A small white grain sometimes 
cultivated around Zaria in northern Nigeria 
and at Zinder.* 

Eleusine corocana. Finger Millet. Cul¬ 
tivated in northern Nigeria as food and for 
malt. 

Hordeum vulgare var. hexastichon. The 
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only cultivated West African variety of bar¬ 
ley. 

Oryza glaherrima. One of two local spe¬ 
cies of rice that are grown, being cultivated 
inland and from French Sudan to northern 
Nigeria. 

Oryza Stapfi, Another local species of 
rice, being cultivated in Gambia where it is 
regarded as the original rice, since it is har¬ 
dier than any other form. 

Penisetum spp. Bulrush millet. Eight 
local species in cultivation, being generally 
grown in western Sudan and northern Ni¬ 
geria. These species are P. anchylochaete, 
P. cineerenm, P. gambiense, P. gibbosum'f P. 
leonis, P. maiwa, P. nigritarum and P. py- 
enostachyon. 

Sorghum spp. Guinea corn. Twelve spe¬ 
cies are grown in the dry northern areas: 
8, aterrimum (E. Sudan), 8 . caudatum var. 
colorans (as a dyfe), /S', eernuum var. ojjicula^ 
turn (Gambia and Fr. Sudan) , 8 . durra var. 
nilotimm (in alluvial soils), /S', exsertum var. 
amplum (N. Nigeria) (also sometimes used 
to dip leather), /S', gambicum (Gambia and 
Fr. Sudan), 8, guine'ense var. involutum 
(Togo to N. Nigeria), 8. margaritiferum 
(best known in western area), 8 , membrana- 
eeum var. Baldratiamim (soft sweet variety) 
(N. Nigeria), 8 . notabile var. notabile (N. 
Nigeria). There are two sweet sorghums 
from which molasses or sweetmeats can be 
prepared or the stems chewed. 

Tritwum spp. Two species of wheat are 
native to West Africa, an awnless, soft 
wheat, T, vulgare var. leucospermum, being 
grown in parts of northern Nigeria as a wet 
season crop or under irrigation in the dry sea¬ 
son, mainly by the well-to-do, while a maca¬ 
roni wheat, T. durum var. leucurumy is com¬ 
monly cultivated in northern Nigeria. Chev¬ 
alier states that the soft wheat predominates. 
Both are used as food, either made into 
wheaten cakes, boiled in oil and seasoned, or 
into buns, or finely ground with butter, or 
even made into a form of macaroni called 
^‘taliya” by the Kansas. 

BOOT CROPS 

Coleufi dazo. (Labiatae). Has tuberous 
roots, and its stems become woody and may 
be two or more feet in height. Although it 
occurs wild as well as cultivated in both West 


and Central Africa to as far south as Natal, 
its exact original home is unknown. ' It is 
grown chiefly in the Zaria province of north¬ 
ern Nigeria, but also on the upper Ivory 
Coast and on a large scale in upper Ubangi- 
Shari (under the name of “dazo’') and in 
the lower Congo. The softly hairy and cy¬ 
lindrical tubers are generally up to four 
inches long and J inch in diameter, in com¬ 
position similar to the ordinary potato. 
They arc more difficult to propagate than the 
Hausa potato (C. dysentericus), and are gen¬ 
erally grown from tubers which require up 
to six months to mature after planting, al- 
tfiough in equatorial regions tubers can be 
obtained almost throughout the year. Under 
proper cultivation it is probably possible to 
get larger yields from this species than from 
any other Labiatae. It is believed that the 
so-called Kaffir potato (Plectranthus esculen- 
tus) also belongs to this species. 

C, dysentericus. The Hausa ox Sudan po¬ 
tato, sometimes known as the “Madagascar 
potato” (of French colonists), is widely 
grown in drier parts of tropical Africa and 
elsewhere, and is believed by Ileck^l to be of 
Abyssinian origin. It is cultivated for its 
edible tubers in western Sudan, Ubangi-Shari 
and the Congo Basin, and is grown prefer¬ 
ably on mounds or broad ridges by the 
llausas of northern Nigeria. Numerous 
small tubers are j)roduced; some varieties 
have reddish-grey or reddish-yellow, others 
blackish-brown, and others greyish-white tu¬ 
bers. It is propagated by soft-wood cuttings 
and by tubers which take five to six months 
to mature. According to Barter, they are 
used in cases of dysentery by the Yorubas 
for dietetic rather than iiiedifdnal reasons. 
In hot climates they arc regarded as a most 
suitable substitute for potatoes. The plant 
•is sometimes grown under irrigation in the 
dry season, in the same way as onion.s, wheat 
and other crops. 

Dioscorea nlata, (Dioscoreaceae). The Wa¬ 
ter Yam, now widely grown in West Africa, 
where it has many varieties, was, in Burkill’s 
opinion, originally Ajp' .tic. Because it car¬ 
ried well, with little sprouting, it was taken 
to East Africa and Madagascar and thus was 
spread, probably by the Portuguese, to other 
parts of the African coastline and eventually 
to the new World in slave ships. J 
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<D, bulbifera,. Bulbil-bearing yam or Po¬ 
tato Yam. The most widely distributed of 
all species of Dioscorea, introduced into 
America during the slave trade. The liver 
shaped and flattened bulbils are cooked, 
whereas the best forms can even be eaten 
raw. The cultivation of this plant in order 
to develop larger bulbils has resulted in a 
comparatively small and generally inedible 
terrestrial tuber being formed. Burkill be¬ 
lieves that Africans are still engaged in the 
process of ^enobling^ (cultivating) this spe¬ 
cies. Its wild forms are generally smaller 
and more toxic, de Wildeman reporting in 
1938 that in one ease the eating of the bulbils 
resulted in the death of 32 soldiers. Toxic 
forms like this and other poisonous species, 
such as the three-leaved yam (D, dumeto- 
rum)j are sometimes specially planted along 
the edges of farms to discourage thieves. 

D. eayenensis. Yellow Guin^ yam. A 
crop plant entirely developed by the African 
himself. Almost certainly it was originally 
grown in Guinea (hence its English name), 
and its cultivation is most dense there today. 
It is sometimes called the ‘^twelve months 
yam^’, and its long period of growth restricts 
it to the moister regions. The main tuber is 
sometimes cut away, after which the top will 
produce one or more smaller tubers, giving 
this race (an inferior one) the West Indian 
name of “cut-and-corae-again”. This yam 
and D, rotundata were taken to America in 
the days of the slave trade. Both produce 
tubers close under the surface of the ground. 

D. praehensilis. Bush or Forest yam. 
The tubers are occasionally eaten or used as 
a famine food. It is best known as the par¬ 
ent of the cultivated white yam, I), rotun¬ 
data. 

D. dumetorum. Although wild* forms are 
known to be poisonous and are even used 
medicinally or as an arrow poison, cultivated 
varieties have often been sufficiently im¬ 
proved to be edible. They have lobed or 
star-shaped tubers, varying from white to 
yellow. They are easy to grow, yield heavily 
and are also easy to harvest. The poison is 
removed by peeling, slicing, pulping and 
soaking, preferably in running water, other¬ 
wise in ^^It water. A coarse starchy meal is 
sometimes obtained. The tuber of the culti^^ 
vated form is mucilaginous and after soaking 


and cooking is generally eaten sliced. This 
species sometimes produces aerial bulbils. 

D. Preiissii. While used mainly as a fam¬ 
ine food, the wild tubers are still eaten in 
some districts, especially by hunters, but only 
after being thoroughly soaked and the liquid 
discarded to remove the poison contained in 
it. When cultivated, this species is used for 
other purposes. 

1). rotundata. White Guinea yam. Also 
native to Africa with many local varieties. 
The tubers are white and have better keeping 
qualities than does the yellow yam (D. cay- 
enensis). 

D. spp. There are a number of other ed¬ 
ible species of yam in West Africa, although • 
certain ones, such as D. sansibarensis, D. 
Quartiniana, D. minutiftora, I), smilacifolia, 
D. praehensilis and certain wild fonn of D. 
dumetorum and D. bnlbifera, deserve to be 
classed merely as famine foods. Most of 
them tend to be poisonous unless thoi’oughly 
soaked and the liquid discarded. 

Sphenostylis stenocarpa. This is the wild 
yam-bean of West Africa, but it is possible 
that its country of origin is Abyssinia. 
Though occasionally found wild, the plant is 
generally cultivated along with yams and 
beans. It is also grown in French Equa¬ 
torial Africa, the Congo Basin and in East 
Africa. The tuber, in appearance like a 
small sweet potato, two to three inches long, 
is starchy and is said to taste like an ordi¬ 
nary potato. The seeds of this bean can 
also be eaten after preliminary soaking. It 
is suitable for cultivation elsewhere, being a 
plant of distinct ornamental value, and can 
be propagated by tuber or by seed. 

SPICES, etc. 

Aframomum meleyueta. The so-called 
grains of paradise or melegueta pepper, bet¬ 
ter knowui nowadays as “Guinea grains^^, 
were formerly exported mainly from what is 
now the Liberian coast. The small grain-like 
spicy seeds account for the old name, the 
Grain Coast, now Liberia, given to that part 
of the coast of Guinea on old maps. For¬ 
merly important in European trade as a 
spice or medicine, today they are used outside 
Africa mainly in veterinary medicine, do¬ 
mestic (non-official) remedies and certain al¬ 
coholic drinks. Africans themselves use them 
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extensively in medicine and as a spice in 
their food. These seeds and the fruits of 
Cola are the two most important of the very 
few indigenous West African plants that so 
far have attracted sufficient attention outside 
West Africa to have resulted in their expor¬ 
tation. 

Ammodaucua leucotrichm, (Umbellife- 
rae). Grown in the ujjper Niger valley, 
Mauritania and in Sahara oases for the use 
of its seeds as a condiment in sauces. 

Aeolanthus heUotropoides and A. pubes- 
tens. (Labiatae). Cultivated for use as a 
flavoring in soups. 

Borassas fldbellifer. (Palmaceae). Fun 
palm. The fresh sap is used as yeast or fer¬ 
mented into vinegar. 

Carissa ednlis. (Apoeynaceae). Fruits 
fermented into vinegar. 

Cisms caena. (Vitaceae). An acid drink 
or vinegar is obtained from the black succu¬ 
lent fruits in Sierra Leone. 

Irvhigia gahonemis. (Simaruba(?eite). The 
kernels are used as a seasoning with various 
local dishes. 

Ovimum americanum. (Labiatae). Oc¬ 
curs wild in Africa and Asia, and is not 
American at all, except by introduction. Its 
leaves which are strongly fragrant are used 
as a stuffing for fowl, or may be boiled with 
meat or in soup, 

Solanuin anomalnm. (8 o 1 a n a c c a e). 
Sometimes cultivated and its red berries used 
in soups and sauces as a condiment with 
laxative and digestive properties, being said 
to restore the appetite of sick persons. They 
are often dried and pre.serve(l and are some¬ 
times mixed with daudawa (Parkia). 

S. uodijlornm. May occur wild, or is some¬ 
times cultivated, its small black berries being 
quite bitter when wild and used as a digestive 
tonic and appetizer for sick persons. When 
cultivated the fruits are sometimes very 
sweet and can be eaten either raw or cooked, 
alone or mixed with other food. 

BEVERAGES 

From the ground-up seeds of the African 
breadfruit' (Treculia africana), a kind of 
“almond milk” is prepared, while from the 
fruits of the semi-cultivated hog-plum 
(Spondias Momhin), a refreshing drink can 
be made. The powdery edible pulp from the 
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frhits of two or three leguminous trees, such 
as the velvet tamarind (Dialium guineense) 
and the West African locust bean (Parkia 
biglobosa) is macerated in water to make 
other unfermented beverages. When this 
Parkia is used, honey is sometimes added to 
make it a soothing drink for children. If 
another species of West African locust-bean 
(Parkia filkoidea) is used, the drink pre¬ 
pared is sometimes mixed with tamarind Ava- 
ter (from Tamarindm). The seeds them¬ 
selves of P. filicoidea provide another kind of 
unferrnented drink when ground to a fine 
meal and mixed with water to make a thin 
gruel. An attractive beverage is prepared 
from the macerated fruits of the jujube tree 
(Zizyphus jujuba), and a pleasant drink 
known as “kango” in Hausa is prepared 
from the pulp of the desert date (Balanites 
aegyptiaca). From the pulp of the Akee 
apple (Bligliia sapida) and from Vitex cien- 
kowskii fruits a drink is sometiiiKJS prepared, 
sweetened with sugar cane and flavored with 
ginger and Guinea grains. A beverage is 
also prepared from the fleshy calyx of roselle 
(Ilibiscm Sabdariffa ). 

The species of Coffea present a curious 
situation, for about ten kinds of commer¬ 
cially ground useful coffees are native to 
tropical Africa, some still occurring in the 
wild state. Of these, five species are native 
to We.st Africa—namely, Lagos or Abeokuta 
coffee {Coffea Abeokutae), Liberian coffee 
(C. Uberica), Robusta or Rio Nunez coffee 
(C. robusta), Sierra Leone, Upland, or 
Stenophylla coffee (C. stenophylla) and C. 
Marlandii. Stenophylla was, according to 
Dalziel, cultivated in a small way long ago 
in both French Guinea and Sierra I^eone, and 
was probably grown in French Guinea in 
early days by the Portuguese. According to 
Afzelius, Liberian coffee was being cultivated 
in Sierra Leone in 1792 and has been grown 
along the West African coastline during the 
last century. Several other species of Coffea 
of more or less economic interest grow in 
West Africa. There seems little evidence, 
however, of the use of coffee as a biwerage 
by West Africans in pre-Portuguese days. 
The chief coffee plant of the world, and the 
source of “Brazilian” coffee—that is, Arabian 
coffee (C. arahica )—is a native the Abys¬ 
sinian mountains. According ^ De Can- 
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^ected from wild plants for centttries befbre 
tho plant was cultivated. Its use spread later 
to Egypt, Persia and Arabia, aftd so to other 
parts of the world. 

Palms are the source of most of the fer¬ 
mented beverages, chiefly the oil palm (Elaeis 
guineensis), the Baphia palms, the fan palm 
(Borassus flahelUfer) and even the small 
wild date palm (Phoenix reclinata). The 
trees are tapped as they stand, but on the 
Gold Coast in particular the oil palm is first 
cut down, then an incision made in the trunk 
and the wine is collected daily. It resembles 
ginger beer at first, but becomes increasingly 
intoxicating later. In parts of West Africa 
palm wine is used instead of commercial 
yeast in bread-making. 

The fruits of several dicotyledonous trees 
are also used in the preparation of fermented 
beverages, examples being the black plum 
(Vitex Cienkowskii), F. grandifoliaj West 
African ebony (Diospyros mespiliformis), 
Lannea acida, desert date (Balanites aegyp- 
tiaca) and two vine rubbers (woody climb¬ 
ers) (Landolphia Heudelotii and L. owari- 
ensis). The seeds of cultivated indigenous 
cereals, such as Guinea corn (Sorghum) and 
bulrush millet (Pennisetum) are frequently 
made into fermented drinks. 

SWEETMEATS 

In Africa sweetmeats are probably much 
less common than in other regions—India for 
example. West African peoples, however, 
do make sweets from extracts of fruit pulps 
of certain trees, such as the ‘tallow tree^ (De- 
tarium senegalense), West African ebony 
(Diospyros mespiliformis), Cordia ahyssi- 
nica, Vitex grandifolia and black plum. F. 
Cienkowskii, honey being added in sd^e 
cases. Although sugar- cane (Saccharum of- 
ficinarum) is grown, it is not native, and the 
canes are generally only chewed. Molasses 
is made, however, from the stems of two spe¬ 
cies of sweet sorghum (8. mellitum var. meU 
litum and 8, nigricans var. peruvianum)- 
The m,plasses is also used in making sweeb- 
meats called “alewa” in Hausa, a word pjC 
Asiatic origin. The Hausas make at le^t 
three .different kinds of sweetmeats. One of 
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knowiyw "^^arth-almond” or ‘‘rfisb^nut”. In 
certain^parts of West Africa the pap made 
from cereals is sweetened with the fruits oi 
Cordia ahyssinica. 

(F. R. Irvine, Jour. N. Y. Bot. Garden 
49: 225-236, 254-267. 1948. Except for 
the alphabetical arrangement of species and 
minor other changes, the foregoing account 
is a reprinting of the text in the cited ar¬ 
ticle.) 

Trcyical Woods. “The School of For¬ 
estry "nt Yale University has been actively 
engaged in research in the field of tropical, 
woods for more than twenty-five years, dur¬ 
ing which time it has built up a collection 
that now contains over 45,000 specimens of 
wood, mostly tropical in origin. At various 
times in the past certain woods or groups 
of woods have been subjected to mechanical 
and physical tesK In April 1947 the 
scope of these activities was expanded to 
meet the growing need for technical data re¬ 
lating to the properties of tropical woods. 
Under the sponsorship of the Navy Depart¬ 
ment through the Office of Naval Research, 
studies were initiated to determine the basic 
properties of a selected group of tropical 
American timbers and to evaluate each 
species with regard to its potentialities for 
specific types of use’\ 

“The first shipment of logs received under 
this project arrived in New Haven in April 
1947. Since that time nearly 250 logs repre¬ 
senting 95 different species have been re¬ 
ceived. To date, tests to determine the basic 
physical and mechanical properties of these 
woods have been conducted on material rep¬ 
resenting 43 species. Mechanical test data 
coll ^'ted thus far are largely limited to the 
properties of the unseasoned wood. For 25 
of these species sufficiently representative 
data have now been obtained to warrant 
publication”. 

Thus reads part of the introduction to this 
‘very informative report which contains not 
only technological data concerning the 25 
woods, but also considerable information re¬ 
specting their common and scientific names, 
their natural distribution and their uses. (F. 
D/Dickinson, R. W. Hess, F. R. Wangaard, 
.Tnpieal Woods, No. 95. 145 pp. 1949). 









